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METHOD FOR SCREENING COMPOUNDS INHIBITING SIGNAL TRANSDUCTION THROUGH 

INFLAMMATORY CYTOKINES 

Technical Field 

The present invention relates to a method for screening 
compounds inhibiting signal transduction through inflammatory 
cytokines. The present invention also relates to the compound that 
can be isolated by the screening method and the use thereof. The 
present invention further relates to an inhibitor of the signal 
transduction through inflammatory cytokines, for example, inhibitors 
of the action and production of inflammatory cytokines, and 
an Li-inflammatory agent, which contain as an active ingredient a 
compound inhibiting the signal transduction through TAKl . 

Background Art 

The system of mitogen-activated protein kinase (MAPK) is known 
as a system involved in intracellular signal transduction. 

MAPK system is a conserved eukaryotic signal transduction 
system, by which the receptor-mediated signals are converted to a 
variety of actions. MAPK system contains three types of protein 
kinases, namely, mitogen-activated protein kinase kinase kinase 
(MAPKKK) , mitogen-activated protein kinase kinase (MAPKK) , and 
mitogen-activated protein kinase (MAPK) . MAPKK phosphorylates and 
activates MAPK, and MAPKKK phosphorylates and activates MAPKK 
(Nishida, E. et al . , Trends Biochem. Sci . (1993) 18, 128; Blumer, 
K. J. et al.. Trends Biochem. Sci. (1993) 19, 236; David R. J. et 
al.. Trends Biochem. Sci. (1993) 19, 470; Marchall, C. J. et al . , 
Cell (1995) 80, 179) . 

TGF-p-activated kinase 1 (TAKl) , a member of the MAPKKK family, 
functions in the intracellular signal transduction system. The TAKl 
protein was identified by Yamaguchi, K. et al . (Yamaguchi, K. et al. , 
Science (1995) 270, 2008). The protein has been revealed to be 
involved in the signal transduction of TGF- P and to be activated by 
TGF- p. 
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TAKl binding protein 1 (TABl) binds to TAKl and participates 
in the signal transduction system of TGF- P that activates TAKl. The 
TABl protein was identified by Shibuya, H. et al. (Shibuya, H. et 
al., Science (1996) 272, 1179-1182) . TABl binds to TAKl and activates 
5 the kinase activity of TAKl, thereby transducing the TGF- P signal. 

A very recent report describes that TAKl is also activated by 
tumor necrosis factor (TNF) and interleukin-1 (IL-1) (Shirakabe, K. 
et al., J. Biol. Chem. (1997) 272, 8141) . It has also been reported 
that the activation of transcription factor NF-KB is induced after 
10 TAKl activation (Moriguchi, T. , et al . , J. Biol. Chem. (1996) 271, 
13675; Ponton, A., et al . , J. Biol. Chem. (1996X 271, 8991; Sakurai 
S., et al . , Biochem. Biophys . Res. Commun. (1998) 243, 545). t-- 

- ^'^owever, it is not at all known that the inhibition of signal 

transduction through TAKl actually resul_t3_in_the._„inhibi±i.^^ 
15 1 cellular responses to the inflammatory stimulation such as LPS or 
cytokine stimulation, for example, the inhibition of signal 
transduction through an inflammatory cytokine as an inflammatory 
pediator as well as results in the inhibition of inflammatory cytokine 
ctions and further the inhibition of inflammatory cytokine 
20 Production. 
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Disclosure of the Invention 

The present invention provides a method for screening 
compounds inhibiting TAKl-associated signal transduction of 

25 inflammatory cytokines. The present invention also provides 
compounds which can be isolated by the screening method and the uses 
thereof. The present invention further provides inhibitors of the 
signal transduction through inflammatory cytokines, which contain 
as an active ingredient a compound inhibiting the signal transduction 

30 through TAKl, for example, inhibitors of the action and production 
of inflammatory cytokines, and anti-inflammatory agents. 

The present invention has revealed that the inhibition of 
signal transduction through TAKl leads to the inhibition of 
inflammatory cytokine actions, further the inhibition of production 

35 of inflammatory cytokines such as IL-1 and TNF, of which production 
is induced by inflammatory stimulation, and also the inhibition of 
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production of other inflammatory cytokines such as IL-6, of which 
production is induced by the inflammatory cytokines. The present 
invention was based on this finding. 

Accordingly, the present invention provides: 
5 (1) a method for screening compounds inhibiting signal 

transduction through inflammatory cytokines, the method comprising 
the steps of: 

(a) contacting a test sample with TAKl and TABl ; 

(b) detecting binding between the TAKl and the TABl; and 
10 (c) selecting a compound inhibiting the binding; 

(2) the method of (1) , wherein the TAKl and/or the TABl is fused 
with a peptide; 

S (3) the method of (1) or (2) , wherein the TAKl or the TABl is 

m linked to a support; 

\m 15 (4) the method of any one of (1) to (3) , wherein a label is 

attached to the TAKl or the TABl and wherein the binding is detected 
==p by detecting or measuring the label; 

(5) the method of any one of (1) to (3) , wherein the binding 
Q is detected by detecting or measuring the TABl bound to TAKl with 

20 a primary antibody against TABl or a primary antibody against the 
p peptide fused with TABl; 

P (6) the method of any one of (1) to (3) , wherein the binding 

is detected by detecting or measuring the TAKl bound to the TABl with 
a primary antibody against TAKl or a primary antibody against the 
25 peptide fused with the TAKl; 

(7) the method of any one of (1) to (3) , wherein the binding 
is detected by detecting or measuring the TABl bound to the TAKl with 
a primary antibody against TABl or a primary antibody against the 
peptide fused with TABl, and a secondary antibody against the primary 

30 antibody ; 

(8) the method of any one of (1) to (3) , wherein the binding 
is detected by detecting or measuring the TAKl bound to the TABl with 
a primary antibody against TAKl or a primary antibody against the 
peptide fused with the TAKl, and a secondary antibody against the 

35 primary antibody; 

(9) the method of any one of (5) to (8) , wherein the primary 
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antibody or the secondary antibody is labeled with radioisotope, 
enzyme, or fluorescent substance; 

(10) the method of (2) , wherein the binding is detected with, 
as an index, change in the expression level of a reporter gene which 

5 is activated in response to the binding; 

(11) the method of (10) , wherein the reporter gene is 
lucif erase, chloramphenicol acetyltransf erase , green fluorescent 
protein, or P-galactosidase ; 

(12) a method for screening compounds inhibiting signal 
10 transduction through inflammatory cytokines, the method comprising 

the steps of: 

(a) contacting a test sample with TAKl; 
'^'i (b) detecting phosphorylation by the TAKl; and 

|Tj (c) selecting a compound inhibiting the phosphorylation; 

';5f 15 (13) a method for screening compounds inhibiting signal 

transduction through inflammatory cytokines, the method comprising 

the steps of: 

(a) contacting a test sample with TAKl and TABl ; 
□ (b) detecting phosphorylation by the TAKl; and 

jiH 20 (c) selecting a compound inhibiting the phosphorylation; 
p (14) the method of (12) or (13) , wherein a substrate for the 

TAKl is added and wherein the phosphorylation of the substrate by 

the TAKl is detected; 

(15) the method of (14) , wherein the substrate for the TAKl 
25 is MKK6 and/or MKK3 ; 

(16) the method of any one of (12) to (15) , wherein the TAKl 
is fused with a peptide; 

(17) the method of any one of (12) to (16) , wherein the TAKl 
is linked to a support; 

30 (18) a method for screening compounds inhibiting signal 

transduction through inflammatory cytokines, the method comprising 
the steps of: 

(a) introducing a test sample into and/or contacting the sample with 
cells expressing TAKl; 
35 (b) detecting and/or measuring a biological activity transduced 
through the TAKl; and 



(c) selecting a compound reducing the biological activity; 

(19) the method of (18) , wherein the biological activity is 
a biological activity of inflammatory cytokines; 

(20) the method of (18) , wherein the biological activity is 
detected with, as an index, change in the expression level of a 
reporter gene which is activated in response to the activity; 

(21) a method for screening compounds inhibiting signal 
transduction through inflammatory cytokines, the method comprising 
the steps of: 

(a) introducing a test sample into and/or contacting the sample with 
cells expressing TAKl and TABl; 

(b) detecting and/or measuring a "biological activity transduced 
through the TAKl and the TABl; and 

(c) selecting a compound reducing the biological activity; 

(22) the method of (21) , wherein the biological activity is 
a biological activity of IL-1 or TNF; 

(23) the method of (21) , wherein the biological activity is 
detected with, as an index, change in the expression level of a 
reporter gene which is activated in response to the activity; 

(24) the method of (20) or (23) , wherein the reporter gene is 
lucif erase, chloramphenicol acetyltransf erase , green fluorescent 
protein, or P-galactosidase ; 

(25) the method of any one of (18) to (24) , wherein an 
inflammatory stimulus is given to cells and wherein the biological 
activity transduced through TAKl or through TAKl and TABl is detected 
and/or measured; 

(26) the method of (25) , wherein the inflammatory stimulus is 
IL-1, TNF, or LPS; 

(27) the method of any one of (1) to (26) , wherein the 
inflammatory cytokine is IL-1, TNF, IL-10, or IL-6; 

(28) a compound for inhibiting signal transduction through 
inflammatory cytokines, the compound that can be isolated by the 
method of any one of (1) to (27) ; 

(29) a pharmaceutical composition comprising as an active 
ingredient the compound of (28) ; 

(30) an inhibitor of the signal transduction through 
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inflammatory cytokines, the inhibitor having an activity of 
inhibiting signal transduction through TAKl ; 

(31) an inhibitor of the activity of inflammatory cytokines, 
the inhibitor having an activity of inhibiting signal transduction 

5 through TAKl ; 

(32) an inhibitor of the production of inflammatory cytokines, 
the inhibitor having an activity of inhibiting signal transduction 
through TAKl ; 

(33) a pharmaceutical composition for inhibiting signal 
10 transduction through inflammatory cytokines , the pharmaceutical 

composition comprising as an active ingredient ajcompound inhibiting 
signal transduction through TAKl; 

(34) a pharmaceutical composition for inhibiting the activity 
of inflammatory cytokines, the pharmaceutical composition comprising 

15 as an active ingredient a compound inhibiting signal transduction 
through TAKl; 

(35) a pharmaceutical composition for inhibiting the 
production of inflammatory cytokines, the pharmaceutical composition 
comprising as an active ingredient a compound inhibiting signal 

20 transduction through TAKl; 

(36) the pharmaceutical composition of any one of (33) to (35) , 
wherein the pharmaceutical composition is an anti-inflammatory agent; 

(37) the pharmaceutical composition of any one of (33) to (36) , 
wherein the compound is a compound inhibiting binding between TAKl 

25 and TABl; 

(38) the pharmaceutical composition of any one of (33) to (36) , 
wherein the compound is a compound inhibiting phosphorylation by TAKl ; 

(39) the pharmaceutical composition of any one of (33) to (38) , 
wherein the compound is a compound that can be isolated by the method 

30 of any one of (1) to (27) ; and 

(40) the pharmaceutical composition of any one of (33) to (39), 
wherein the inflammatory cytokine is IL-1 , TNF, IL-10, or IL-6 . 

In the present invention, the term "peptide" means a compound 
in which amino acids are bonded to each other by peptide bond. 
35 Accordingly, the inventive peptide includes long chains of amino 
acids, namely, polypeptides and proteins. 
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In the screening of compounds based on inhibiting the binding 
between TAKl and TABl , there is no particular limitation on TAKl used 
in the present invention, as far as the TAKl has the activity of TABl 
binding, [such TAKl includes not only the complete TAKl having the 
amino acid sequence from Met at amino acid 1 to Ser at amino acid 
579 in the amino acid sequence of SEQ ID NO: ZjLut also a TAKl species 
without the kinase activity of TAKl. 

I^^ABl binds to a region containing TAKl catalytic domain having 
the amino acid sequence from Met at amino acid 1 to Glu at amino acid 
303 shown in SEQ ID NO: 27^and thereby activating TAKl. jit has been 
disclosed herein that TABl binds to the amino acid sequence from Val 
at amino acid 7 6 to Gin at amino acid 303 of TAKlJsequence shown in 
SEQ ID NO: 2. A TAKl species, which has the amino acid sequence from 
Val at amino acid 7 6 to Gin at amino acid 303 of TAKl sequence shown 
15 in SEQ ID NO: 2, does not exhibit the kinase activity, but has the 
activity of binding to TABl, and thus the species can be used in the 
present invention . 

Accordingly, TAKl to be used in the present invention can be 
a TAKl species which has the amino acid sequence from Val at amino 
20 acid 76 to Gin at amino acid 303 in SEQ ID NO: 2 and which has a amino 
acid sequence modified by one or more amino acid substitutions, 
deletions, and/or additions within the amino acid sequence from Met 
at amino acid 1 to lie at amino acid 75 and within the amino acid 
sequence from Tyr at amino acid 304 to Ser at amino acid 579. 
25 As far as a TAKl species has the TABl-binding activity, TAKl 

can be the TAKl species of which amino acid sequence is modified by 
one or more amino acid substitutions, deletions, and/or additions 
in the amino acid sequence from Val at amino acid 7 6 to Gin at amino 
acid 303 in SEQ ID NO: 2. 
30 On the other hand, in the screening of compounds based on 

inhibiting TAKl kinase activity, there is no particular limitation 
on TAKl as far as the TAKl species has the kinase activity. 

TAKl to be used includes, for example, the complete TAKl having 
the amino acid sequence from Met at amino acid 1 to Ser at amino acid 
35 579 in the amino acid sequence shown in SEQ ID NO: 2 and having the 
biological activity of TAKl. It has been found that the biol " 
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activities of TAKl are the binding activity to TABl as well as the 
kinase activity to MAPKK in its activated state. Namely, TAKl is 
activated upon the binding with TABl and then exhibits the kinase 
activity . 

In more detail, it has been revealed that TAKl exhibits the 
kinase activity (phosphorylation) in its activated state and the 
kinase activity is responsible for the phosphorylation of MAPKK, for 
example, MKK3 (Moriguchi, T. et al . , J. Biol. Chem. (1996) 271, 
13675-13679), MKK6 (Moriguchi, T. et al . , J. Biol. Chem. (1996) 271, 
13675-13679), or XMEK2/SEKI (Shibuya, H. etal.. Science (1996) 272, 
1179-1182) ; and the phosphorylation activates -the kinase activity 
of MAPKK. 

TAKl to be used in the present invention can also be a TAKl 
species having the biological activity of TAj\1 and having the amino 
acid sequence which is modified by one or more amino acid 
substitutions, deletions, and/or additions in the amino acid sequence 
shown in SEQ ID NO: 2. More specifically, TAKl to be used in the 
present invention may have the amino acid sequence shown in SEQ ID 
NO: 2, in which one, two or more amino acid residues, preferably 1 
to 20 amino acid residues, more preferably 1 to 10 amino acid residues 
are substituted, as far as the TAKl species has the biological activity 
of TAKl. 

TAKl to be used in the present invention may also have the amino 
acid sequence shown in SEQ ID NO: 2, in which one, two or more amino 
acid residues, preferably 1 to 276 amino acid residues, more 
preferably 1 to 10 amino acid residues are deleted. TAKl to be used 
in the present invention may also have the amino acid sequence shown 
in SEQ ID NO: 2, in which one, two or more amino acid residues, 
preferably 1 to 30 amino acid residues, more preferably 1 to 20 amino 
acid residues are added. 

One example of TAKl of which amino acid sequence is modified 
by one or more amino acid substitutions, deletions, and/or additions 
in the amino acid sequence of human TAKl shown in SEQ ID NO: 2 is 
a mouse-derived TAKl in which Ser is substituted for Gly at amino 
acid 16, Arg is substituted for His at amino acid 372, Val is 
substituted for Ala at amino acid 400, Ala is substituted for Thr 
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at amino acid 403, and Ala is substituted for Thr at amino acid 449. 

It has been already known that a peptide having an amino acid 
sequence that is modified by one or more amino acid substitutions, 
deletions, and/or additions in a amino acid sequence is still capable 
5 of having its original biological activity (Mark, D. F. et al . , Proc. 
Natl. Acad. Sci. USA (1984) 81, 5662-5666; Zoller, M. J. & Smith, 
M. Nucleic Acids Research (1982) 10, 6487-6500; Wang, A. et al . , 
Science 224, 1431-1433; Dalbadie-McFarland, G. et al., Proc. Natl. 
Acad. Sci. USA (1982) 79, 6409-6413). 

10 Indeed, it has been revealed that a TAKl species having merely 

the amino acid sequence from Met at amino acid 1 jto Gin at amino acid 
303 in SEQ ID NO: 2 is capable of exhibiting the biological activity. 
Thus, TAKl to be. used in the present invention can be a TAKl species 
having the amino acid sequence from Met at amino acid 1 to Gin at 

15 amino acid 303 in SEQ ID NO: 2, and having the amino acid sequence 
which is modified by one or more amino acid substitutions, deletions, 
and/or additions within the amino acid sequence from Tyr at amino 
acid 304 to Ser at amino acid 579. TAKl can be a TAKl species having 
an amino acid sequence which is modified by one or more amino acid 

20 substitutions, deletions, and/or additions within the amino acid 
sequence from Met at amino acid 1 to Gin at amino acid 303 in SEQ 
ID NO: 2, as far as the TAKl species has the biological activity. 

Further, TAKl lacking at least 21 amino acid residues at the 
amino terminal end (N terminus) still has the original biological 

25 activity, and thus such a TAKl species can be used in the present 
invention . 

An E. coii strain containing plasmid phTAKl , which comprises 
a DNA encoding a human TAKl peptide having the amino acid sequence 
from Met at amino acid 1 to Ser at amino acid 57 9 in the TAKl amino 

30 acid sequence shown in SEQ ID NO: 2, was named Escherichia coli JM109 
(phTAKl) and has been deposited internationally under the Budapest 
Treaty as an accession No. FERM BP-5598 in The National Institute 
of Bioscience and Human-Technology, The Agency of Industrial Science 
and Technology (1-1-3 Higashi, Tsukuba, Ibaraki, Japan) on July 19^^, 

35 1996. 

In the screening of compounds based on inhibiting the binding 
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between TAKl and TABl, there is no particular limitation on TABl to 
be used in the present invention as far as the TABl species has the 
TAKl-binding activity. The TABl species may lack in the biological 
activity of TABl. 

TABl to be used in the present invention can be a TABl species 
having an amino acid sequence which is modified by one or more amino 
acid substitutions, deletions, and/or additions in the amino acid 
sequence from Met at amino acid 1 to Pro at amino acid 504 in SEQ 
ID NO: 4, as far as the TABl species has the TAKl-binding activity. 

On the other hand, in the screening of compounds based on 
inhibiting the kinase activity of TAKl, there is no particular 
limitation on TABl as far as the TABl species has the activity of 
activating the kinase activity of TAKl. 

[tABI to be used incluaes the complete TABl having the amino 
acid sequence from Met at amino acid 1 to Pro at amino acid 504 shown 
in SEQ ID NO: ^1 and having the biological activity of TABl. It has 
been found that the biological activity of TABl is the activity of 
activating TAKl by binding to the TAKl. 

In more detail, it has been revealed that the biological 
activity of TABl is the activity of activating the kinase activity 
of TAKl to MAPKK by the binding of TABl to a region containing TAKl 
catalytic domain comprising the amino acid sequence from Met at amino 
acid 1 to Glu at amino acid 303 of TAKl. 

TABl to be used can be a TABl species having the biological 
activity of TABl, and having an amino acid sequence modified by one 
or more amino acid substitutions, deletions, and/or additions in the 
amino acid sequence shown in SEQ ID NO: 4. More specifically, TABl 
used in the present invention can be a TABl species having 1 , 2 or 
more amino acid substitutions, preferably 1 to 20 amino acid 
substitutions, more preferably 1 to 10 amino acid substitutions in 
the amino acid shown in SEQ ID NO: 4, as far as the TABl species has 
the biological activity of TABl. 

TABl to be used may also have the amino acid sequence shown 
in SEQ ID NO: 4, in which one, two or more amino acid residues, 
preferably 1 to 436 amino acid residues, more preferably 1 to 10 amino 
acid residues are deleted. TABl to be used may also have the amino 
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acid sequence shown in SEQ ID NO: 4, in which one, two or more amino 
acid residues, preferably 1 to 30 amino acid residues, more preferably 
1 to 20 amino acid residues are added. TABl used in the present 
invention may also have the amino acid which is modified by the 
5 above-mentioned substitutions, deletions, and/or additions in 
combination. 

(It has been revealed that a TABl species having merely the amino 
acid sequence from Gin at amino acid 437 to Pro at amino acid 504 
in SEQ ID NO: capable of exhibiting the biological activity. 

10 Thus, TABl used in the present invention can be a TABl species having 
the amino acid sequence from Gin at amino acid-437 to Pro at amino 
acid 504 in SEQ ID NO: 4, and having the amino acid sequence which 
is modified by one or more amino acid substitutions , deletions , and/or 
auditions within the amino acid sequence from Met at amino acid 4 
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TABl can also be a TABl species having an amino acid sequence 
which is modified by one or more amino acid substitutions, deletions, 
and/or additions in the amino acid sequence from Gin at amino acid 
437 to Pro at amino acid 504 in SEQ ID NO: 4, as far as the TABl species 
20 has the biological activity of TABl. 

One example of TABl of which amino acid sequence is modified 
by one or more amino acid substitutions, deletions, and/or additions 
in the amino acid sequence of SEQ ID NO: 4 is a TABl species having 
the amino acid sequence in which Arg is substituted for Ser at amino 
25 acid 52 or having the amino acid sequence from Gin at amino acid 437 
to Pro at amino acid 504. 

^r~7An E\coli strain containing plasmid TABI-f-4, which comprises 
a DlffA encodiiW a human TABl peptide having the amino acid sequence 
from Met at amiSao acid 1 to Pro at amino acid 504 in the TABl amino 
30 acid sequence shoWi in SEQ ID NO: 4, was named Escherichia coli DH5a 
(TABI-f-4) and has oeen deposited internationally under the Budapest 
Treaty as an accessidn No. FERM BP-5599 in The National Institute 
of Bioscience and Human-Technology, The Agency of Industrial Science 
and Technology (1-1-3 Higa^hi, Tsukuba, Ibaraki, Japan) on July 19^^, 
35 1996. 

An E. coli strain containing plasmid pBS-TABl , which comprises 
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a DNA encoding the above-mentioned human TABl peptide having the amino 
acid sequence from Met at amino acid 1 to Pro at amino acid 504 in 
the TABl amino acid sequence shown in SEQ ID NO: 4 where Arg has been 
substituted for Ser at amino acid 52 , was named Escherichia coli HBlOl 
5 (pBS-TABl) and has been deposited internationally under the Budapest 
Treaty as an accession No. FERM BP-5508 in The National Institute 
of Bioscience and Human-Technology, The Agency of Industrial Science 
and Technology (1-1-3 Higashi, Tsukuba, Ibaraki, Japan) on April 19^*^, 
1996. 

10 There can be various molecular species of TAKl and/or TABl to 

be used in the present invention, which are different in amino acid 
sequence, molecule weight , isoelectric point , the presence or absence 
P and position of glycosylation, sugar chain structure , phosphorylation 

state, and/or the presence or absence of disulfide Jjond, depending 
lU 15 on the origin, host producing them, and/or the type of purification 
|]i method. However, human-derived TAKl and/or TABl are preferable while 

the proteins may have any structures, as far as the proteins can be 
suitably used in the present invention. 
□ The above-mentioned proteins used in the present invention can 

20 be fusion peptides of the above-mentioned proteins and other peptides . 
The fusion peptides can be prepared by already-known methods. The 
i3 other peptides to be used for the fusion with the above-mentioned 

^~ proteins can be any peptides as far as the peptides are effectively 

used in the present invention. 
25 The peptide is exemplified by FLAG (Hopp, T. P. et al., 

BioTechnology (1988) 6, 1204-1210), 6 x His of six histidine (His) 
residues, 10 x His, influenza hemagglutinin (HA), human c-myc 
fragment, a fragment of VSV-GP, a fragment of plSHIV, T7-tag, HSV-tag, 
E-tag, a fragment of SV40 T antigen, Ick tag, a fragment of a- tubulin, 
30 B-tag, a fragment of Protein C, and the like. Such already-known 
peptides are used. Other examples of the peptide include 
glutathione-S-transf erase (GST) , influenza hemagglutinin (HA) , 
immunoglobulin constant region, P-galactosidase , maltose-binding 
protein (MBP) , etc. Commercially available ones can be used. 
35 The above-mentioned proteins to be used in the present 

invention can be the proteins encoded by DNAs encoding proteins having 
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the biological activities and capable of hybridizing to the DNA 
encoding the above-mentioned proteins . 

DNA encoding TAKl to be used in the present invention is 
exemplified by a DNA having the nucleotide sequence from A at 
nucleotide 183 to A at nucleotide 1919 in SEQ ID NO: 1. DNA encoding 
TABl to be used in the present invention is exemplified by a DNA having 
the nucleotide sequence from A at nucleotide 30 to G at nucleotide 
1541 in SEQ ID NO: 3. 

Each of DNAs encoding the proteins to be used in the present 
invention can be a DNA capable of hybridizing to the nucleotide 
sequence of SEQ ID NO: 1 or 3 and encoding a_ protein having the 
biological activity. Hybridization condition for the DNA encoding 
the protein to be used in the present invention may be the conditions 
with suitable stringency. 

Such a hybridization condition • can be, for example, the 
condition with low stringency. The condition with low stringency is, 
for example, a washing condition of 42°C, 5 x SSC, 0.1% sodium dodecyl 
sulfate, and 50% formamide. The conditions with high stringency are 
more preferable. The condition with high stringency is, for example, 
a washing condition of 60 "C, 0.1 x SSC, and 0.1% sodium dodecyl 
sulfate. It has been already known that a protein encoded by a DNA 
capable of hybridizing to a nucleotide sequence encoding a certain 
protein under a condition with suitable stringency shares the same 
biological activity with the latter protein. 

DNA encoding TAKl or TABl to be used in the present invention 
can.be a DNA of any origin, as far as the DNA contains the nucleotide 
sequence of SEQ ID NO: 1 or 3 , respectively. Such DNAs include, for 
example, genomic DNA, cDNA, and synthetic DNA. These DNAs may 
originate from a variety of cells, tissue, or organ, or cDNA library 
or genomic library derived from any species in addition to human. 
The libraries may be commercially available DNA libraries. The 
vector used for the libraries can be any vector including plasmid, 
bacteriophage, and YAC vectors. 

As described below, TAKl or TABl to be used in the present 
invention can be obtained as a recombinant protein produced by the 
use of gene recombination techniques using DNAs encoding these 
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proteins. For example, the nucleotide sequence of a gene encoding 
each protein described herein can be cloned from cell, tissue, or 
organ expressing the protein, and then inserted into an appropriate 
vector, and the resulting DNA construct is introduced into a host 
5 to produce the recombinant protein. Such recombinant proteins can 
be also usable in the present invention. 

Specifically, mRNA of the gene encoding the protein to be used 
in the present invention is isolated from cell, tissue, or organ 
expressing the protein. The mRNA is isolated from total RNA prepared 
10 by a known method , for example, guanidine-ultracentrifugation method 
(Chirgwin, J. M. etal.. Biochemistry (1979) 1 8 ,^ 5294-"5299) and AGPC 
method (Chomczynski , P. and Sacchi^, N., Anal. Biochem. (1987) 162, 
156-159) and purified by using an mRNA Purification Kit (Pharmacia) 
and such. Alternatively, the mRNA can be directly prepared by using 
ly 15 a QuickPrep mRNA Purification Kit (Pharmacia) . 

Messenger RNA obtained is used for synthesizing cDNA 
corresponding to the gene by using reverse transcriptase. The cDNA 
=H synthesis can be performed by using an AMV Reverse Transcriptase 

Q First-Strand cDNA Synthesis Kit (Seikagaku Co.) or the like. 

20 Synthesis and amplification of cDNA can be carried out by using 
Marathon cDNA Amplification kit (CLONTECH) and 5'-RACE (Frohman, M. 
A. et al., Proc. Natl. Acad. Sci. U.S.A. (1988) 85, 8998-9002; 
Belyavsky, A. etal.. Nucleic Acids Res. (1989) 17, 2919-2932) using 
polymerase chain reaction (PGR) . 
25 DNA fragment of interest is prepared from the PGR products 

obtained, and then ligated with a vector DNA to give a recombinant 
vector. The ligated DNA is then introduced into E. coli or the like, 
and resulting colonies are selected to prepare a desired recombinant 
vector. Nucleotide sequence of the target DNA is verified by a known 
30 method, for example, dideoxy nucleotide chain termination method. 
If the DNA of interest is obtained, it is integrated into an expression 
vector. 

DNA encoding the protein to be used in the present invention 
may originate from a variety of cells, tissue, or organ, or cDNA 
35 library or genomic library obtained from any species in addition to 
human. The libraries may be commercially available DNA libraries. 
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The vector used for the libraries can be any vector including plasmid, 
bacteriophage, and YAC vectors. 

DNA encoding the protein to be used in the present invention 
can be constructed from the above-mentioned DNAs by a known method 
and by using commercially available kits. For example, such DNA 
manipulation includes the digestion by restriction enzyme, linker 
ligation, and insertion of initiation codon (ATG) and/or termination 
codon (TAA, TGA, or TAG) . 

Expression vector for expressing the protein to be used in the 
present invention can be any type of vector, as far as the expression 
vector is used suitably in the present invention. Such expression 
vectors include, for example, mammal -de rived expression vector (for 
example, pEF and pCDM8) , insect cell-derived expression vector (for 
example, pBacPAKS) , plant-derived expression vector (for example, 
pMHl and pMH2) , animal virus-derived expression vector (for example, 
pHSV and pMV) , yeast-derived expression vector (for example,. pNVll) , 
Bacillus suJbtilis-derived expression vector (for example, pPL608 and 
pKTHSO) , and E. coii-derived expression vector (for example, pGEX, 
pGEMEX, and pMALp2) . 

The protein to be used in the present invention can be produced, 
for example, by connecting a DNA encoding the protein downstream of 
a promoter in the expression vector. The promoter/enhancer includes, 
for example, mammal-derived promoter /-enhancer (for example, EFl-a 
promoter/enhancer and y-actin promoter/enhancer) , insect 
virus-derived promoter/enhancer (for example, polyhedrosis virus 
promoter/enhancer) , plant-derived promoter /enhancer (for example, 
tobacco mosaic virus promoter/enhancer) , animal virus-derived 
promoter /enhancer (for example, SV40 promoter/enhancer and human CMV 
promoter/enhancer) , yeast-derived promoter/enhancer (for example, 
alcohol dehydrogenase promoter/enhancer) , and E. coli-derived 
promoter/enhancer (for example. Lac promoter/enhancer, Trp 
promoter/enhancer, and Tac promoter/enhancer) . 

For example, the SV40 promoter/enhancer can be readily 
utilized according to the method of Mulligan et al . (Nature (1979) 
277, 108) . The HEFia promoter/enhancer can be readily used according 
to the method of Mizushima et al . (Nucleic Acids Res . (1990) 18,5322). 
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A commonly used useful promoter, a secretory signal sequence, 
and a gene to be expressed are functionally connected together, for 
the expression in E. coli. For example, the promoter includes lacZ 
promoter and araB promoter. LacZ promoter can be used according to 
the method of Ward et al. (Nature (1989) 341, 544-546; FASEB J. (1992) 
6, 2422-2427) , or araB promoter according to the method of Better 
et al. (Science (1988) 240, 1041-1043). 

When TAKl or TABl to be used in the present invention is 
expressed in a host, a signal sequence suitable for the host can be 
added. Such a signal sequence includes, for example, a signal 
sequence of a secretory protein. The signal sequence of secretory 
protein is exemplified by a signal sequence of mammal-derived 
secretory protein, for example, the signal sequence of 
immunoglobulin. Further, the signal sequence of secretory protein 
is exemplified by signal sequences of E. coli-derived secretory 
proteins, for example, periplasm secretory signal sequences such as 
OmpA and pelB (Lei, S. P. et al J. Bacteriol. (1987) 169, 4379). 

The expression vector thus prepared can be introduced into a 
host by a known method. The method for the introduction into host 
is exemplified by electroporation (EMBO J. (1982) 1, 841-845), 
calcium-phosphate method (Virology (1973) 52, 456-467), and liposome 
method. 

The replication origin to be used can be derived from SV40, 
polyoma virus, adenovirus, bovine papilloma virus (BPV) , etc. Also, 
for the amplification of gene copies in a host cell system, the 
expression vector can contain as a selection marker aminoglycoside 
transferase (APH) gene, thymidine kinase (TK) gene, E. coli xanthine 
guanine phosphoribosyl transferase (HPRT) gene, dihydrof olate 
reductase (DHFR) gene, and the like. Further, a sequence with higher 
expression efficiency can be designed based on the consideration of 
codon usage in a host to be used for the expression (Grantham, R. 
et al., Nucleic Acids Research (1981) 9, p43-p74) . 

Any production system can be used for the production of the 
recombinant protein to be used in the present invention. The 
production systems that can be used for the production of recombinant 
proteins include in vitro and in vivo production systems . The in vitro 
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production system includes, for example, production systems with 
eukaryotic cells as well as the systems with prokaryotic cells. 

The production systems with eukaryotic cells are, for example, 
those with animal cells, plant cells, and fungus cells. Such animal 
5 cells include mammalian cells, e.g., CHO cell (J. Exp. Med. (1995) 
108, 945), COS cell, myeloma cell, baby hamster kidney (BHK) cell, 
HeLa cell, and Vero cell; amphibian cells, e.g. , Xenopus laevis oocyte 
(Valle, et al . , Nature (1981) 291, 358-340); and insect cells, e.g., 
sf9, sf21, and Tn5 . As CHO cell, particularly preferable to use are 
10 dhfr' CHO cell, which lacks DHFR gene (Proc. Natl. Acad. Sci. USA (1980) 
77, 4216-4220), and CHO K-1 cell (Proc. Natl. Acad. Sci. USA (1968) 
60, 1275) . 

3 An example of plant cell is Nicotiana tabacum-derived cell. 

f: The callus culture may be used for this plant cell. Fungus cells 

y 15 include yeast, for example, the genus Saccharomyces such as 
t Saccharomyces cerevisiae , and filamentous fungus, for example, the 

p genus Aspergillus such as Aspergillus niger. 

r- Prokaryotic cells that provide the production system are 

3 bacterial cells, including for example E. coli and Bacillus suhtilis . 

F 20 Those cells may be transformed with DNA of interest, and the 

5 resulting transformed cells are cultured in vitro to produce the 

3 recombinant protein. The cell culture can be performed according to 

a known method. For example, culture media to be utilized include 
DMEM, MEM, RPMI1640, and IMDM. These media may be used alone or in 
25 combination with serum supplement such as fetal calf serum (FCS) for 
the culture. The pH of the culture is preferably about 6 to 8 . The 
cells are generally cultivated at about 30 to 40 °C for about 15 to 
200 hours . If necessary, the culture medium may be changed with fresh 
one, aerated, and/or stirred. The recombinant protein is produced 
30 in the cells, in which the gene has been introduced, and recovered 
from the cells . 

The in vivo production system is exemplified by the production 
system with animal or with plant. A DNA of interest is introduced 
into an animal or plant, and the animal or plant produces the 
35 recombinant protein in its body. Then the protein is recovered from 
the body. 
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Animals for the production system can be a mammal or insect. 
The mammals include goat, pig, sheep, mouse, and cow (Vicki Glaser, 
SPECTRUM Biotechnology Applications, 1993) . In the case of mammal, 
a transgenic animal can also be used. 
5 For example, in order to create a fusion gene for the 

preparation of the recombinant protein, a DNA of interest is inserted 
into a gene encoding a protein, such as goat P-casein, inherently 
produced into milk. A DNA fragment comprising the fusion gene, in 
which the DNA of interest is inserted, is injected into a goat embryo, 
10 and the embryo is introduced into a female goat. The recipient goat 
may give birth to transgenic babies. The -created transgenic 
individuals or the progenies thereof may give milk, and the desired 
Q recombinant protein can be obtained from the milk. In order to 

j=I increase the secretion of milk containing the recombinant protein 

Uj 15 produced in the transgenic goat, an adequate hormonal treatment of 
the transgenic goat can be utilized (Ebert, K.M. et al., 
Bio/Technology (1994) 12, 699-702). 
'j^' An insect that can be used for the production system is, for 

Q example, silk worm. In this case, baculovirus containing a DNA of 

20 interest is infected into a silk worm, and the desired recombinant 
protein can be obtained from the body fluid of the silk worm (Maeda, 
p S. et al.. Nature (1985) 315, 592-594). 

Further, a plant for the productxon system can be, for example, 
tobacco. In the case of tobacco, a DNA of interest is inserted into 
25 a plant expression vector, for example, pMON 530. The resulting 
vector is introduced into bacteria such as Agrohacterium tumefaclens. 
The bacteria are infected to tobacco, for example, Nicotians taJbacum. 
The desired recombinant protein can be obtained from the leaves of 
the tobacco (Julian, K.-C. Ma et al . , Eur. J. Immunol. (1994) 24, 
30 131-138) . 

The gene is introduced into any of these animal and plant as 
described above. The animal or plant produces the recombinant 
protein in the body thereof, then the protein is recovered from the 
body. The recombinant protein expressed and produced as mentioned 
35 above may be separated from intracellular or extracellular materials , 
or the host, and then purified into homogeneity. Separation and 
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purification methods for protein to be used in the present invention 
may be commonly used ones, which are not to be restricted to any 
specific ones. 

For example, the separation and purification of the protein 
can be performed by the appropriately selected and combined use of 
column chromatographies such as affinity chromatography, filter, 
ultrafiltration, salting-out, dialysis, SDS polyacrylamide gel 
electrophoresis, isoelectric focusing, and others (Antibodies: A 
Laboratory Manual. Ed Harlow and David Lane, Cold Spring Harbor 
Laboratory, 1988) . 

The chromatography includes, for .example, affinity 
chromatography, ion-exchange ^ chromatography, hydrophobic 
chromatography, gel filtration, reverse-phase chromatography, 
adsorption chromatography, and the like (Strategies for Protein 
Purification and Characterization: A Laboratory Course Manual. Ed 
Daniel R. Marshak et al . , Cold Spring Harbor Laboratory Press, 1996) . 
The chromatographic procedures can be carried out by liquid-phase 
chromatography such as HPLC, FPLC, or the like. 

Protein concentration can be measured by using a known method, 
for example, a method with measuring absorbance or Bradford' s method. 

The samples to be tested by the inventive screening method 
include, for example, peptide, purified or crude protein, synthetic 
compound, materials fermented with microorganism, extract frommarine 
organism, plant extract, prokaryotic cell extract, extract from 
single-cell eukaryote, or extract from animal cells, or the libraries 
thereof . 

These test samples contain a compound that is expected to 
inhibit or suppress the binding between TAKl and TABl, a compound 
that is expected to inhibit or suppress the of kinase activity of 
TAKl (phosphorylation) , or a compound that is expected to inhibit 
or suppress the kinase activity of TAKl (phosphorylation) that is 
generated by TAKl and TABl , or contain these compounds . 

These compounds, which can be isolated by the inventive 
screening method, as described above, inhibit or suppress the TAKl 
activity, or TAKl and TABl activities, and thereby inhibiting or 
suppressing the signal transduction through inflammatory cytokines; 
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inhibiting or suppressing the production of inflammatory cytokines; 

inhibiting or suppressing physiological activity of inflammatory 

cytokines; or inhibiting or suppressing the signal transduction by 

inflammatory stimulation . 
5 In the present invention, an "inflammatory cytokine" indicates 

a common cytokine involved in inflammatory reaction, and specifically 

IL-1 (for example, IL-ia and IL-1 p) , TNF (for example, TNFttandTNFP) , 

IL-6, IL-10, IL-4, chemokine such as IL-8, MCP-1 , etc. 

One embodiment of the inventive screening method is conducted 
10 by contacting TAKl and TABl with a test sample, then detecting the 

binding between TAKl and TABl, and selecting a_-compound inhibiting 

the binding between TAKl and TABl. 
O The screening system provided by the present invention is to 

J'S be conducted as an in vitro assay system. A specific example of sucn 

W 15 in vitro assay system is a cell-free system. Specifically, TAKl and 

TABl are used in combination, and either of them is linked to a support, 
..C the other and a test sample are added thereto and incubated. After 

the support is washed, the binding of the latter protein to the former 
□ linked to the support is detected or measured. 

20 The proteins to be used in the present invention may be purified 

\U 

Q or crude proteins that are produced by cells inherently expressing 

Q the proteins, cells in which DNAs encoding the proteins are 

introduced, or animals or plants in which DNAs encoding the proteins 

are introduced. 

25 The proteins to be used in the present invention may be linked 

to a support. First, either of TAKl or TABl, which is purified or 
crude, is linked to a support. The immobilization of the protein on 
a support may be performed by a standard method. Supports for the 
protein immobilization are, for example, insoluble polysaccharides 

30 such as agarose, dextran, and cellulose, synthetic resins such as 
polystyrene, polyacrylamide, and silicon, etc. More specifically, 
commercially available beads or plates, which are manufactured from 
them as raw materials, are used. In the case of beads, a column or 
the like may be used as packed with the beads. Such a plate can be 

35 a multi-well plate (96-well multi-well plate, etc.) or a biosensor 
chip . 
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The immobilization of protein on a support can be performed 
by a commonly used method in which chemical bonding, physical 
adsorption, or the like is used. Alternatively, protein can be linked 
to a support where an antibody specifically recognizing the protein 
5 is pre-immobilized by binding the antibody to the protein. Protein 
can also be immobilized via avidin/biotin . 

The binding between TAKl and TABl is generally allowed in a 
buffer. The buffer is, for example, phosphate buffer, Tris buffer, 
or the like. Incubation condition may be a commonly used one, for 
10 example, a condition where incubation is carried out at 4**C to room 
temperature for 1 to 24 hours . Washing condition-after the incubation 
can be any of possible condition as far as the wash does not have 
any negative effects on the protein binding, and for example, buffers 
: containing detergents are usable. Such detergents include, for 

I 15 example, 0.05% Tween20. 

^ In order to select a target compound, TAKl, TABl, and a test 

: sample are incubated under an adequate condition, and then washed 

to separate the specific binding from non-specific one. The degree 
\ of TAKl-TABl binding may be then evaluated. 

20 In the selection of a target compound, either of TAKl or TABl 

is linked to a support. Specifically, when TAKl is intended to be 
linked to a support, TAKl is first immobilized on a support, and then 
a pre-mixture of TABl and a test sample may be added thereto, or 
alternatively TABl may be added thereto after addition of a test 
25 sample. Alternatively, when TABl is intended to be immobilized on 
a support, likewise, a pre-mixture of TAKl and a test sample may be 
added, or alternatively TAKl may be added after addition of a test 
sample. TAKl, TABl, and a test sample added in the order as described 
above are incubated under an adequate condition, and then the degree 
30 of TAKl-TABl binding can be evaluated. 

Together with a testing group where test samples are contacted 
with the protein, a control group may be used in the inventive 
screening method. Such control groups can be either of a negative 
control group without any test samples or positive control group, 
35 or both the groups . 

When the bound protein is detected or measured by the inventive 
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method, the bound protein may be just detected or quantitatively 
measured. In both cases, the target compound can be detected by 
comparing the results obtained for a negative control group without 
test samples, a group containing test samples, and/or a positive 
control group. 

The activity of the target compound can be quantitatively 
measured by comparing values obtained from these results . In the 
quantitative measurement, the values obtained for the negative 
control group without test samples are compared with those for the 
groups with test samples, to detect the target compound. As compared 
with that for the negative control, the value with a test sample is 
lower, then the test sample can be judged to contain the target 
compound . 

Further, in the case of quantitative measurement, the sample 
can be quantified based on a standard curve prepared by using values 
for a positive control group containing known amounts of a compound 
that is clarified to be capable of inhibiting the binding between 
TAKl and TABl . When the protein bound is larger in quantity, then 
it can be estimated that the compound has only lower activity for 
inhibition of the protein binding. On the other hand, when the amount 
of protein bound is smaller, the binding-inhibitory activity of the 
compound to inhibit the binding of the protein is presumed to be 
stronger. 

In the present invention, a biosensor, which is based on surface 
plasmon resonance phenomenon, can be used to detect or measure the 
binding protein. By using the biosensor based on surface plasmon 
resonance phenomenon, the protein-protein interaction can be observed 
in real time as a surface plasmon resonance signal without labeling 
even when the amount of protein is a trace level (for example, BIAcore, 
Pharmacia) . Accordingly, the binding of the proteins used in the 
present invention can be estimated by using a biosensor such as 
BIAcore . 

Specifically, in the combination of TAKl and TABl, either one 
is immobilized on the sensor chip, the other protein is contacted 
with the sensor chip, then the latter protein bound to the immobilized 
one is detected as a differential resonance signal. 
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Such an experiment can be conducted specifically as follows. 
Initially, a sensor chip CMS (Biosensor) is activated, and either 
of TAKl or TABl is immobilized on the sensor chip. More specifically, 
an aqueous EDC/NHS solution (200 mM EDC 

5 (N-ethyl-N* - (3-dimethylaminopropyl) carbonate hydrochloride) and 50 
mM N-hydroxysuccinimide (NHS) ) is used for the activation of the 
sensor chip, and then the sensor chip is washed with HBS buffer (10 
mM HEPES pH7 . 4 , 150 mM NaCl, 3 . 4 mM EDTA, 0.05% Tween20) . 

Subsequently, an adequate amount of a protein exhibiting the 

10 interaction is dissolved in HBS buffer, and the solution is contacted 
with the sensor chip for the immobilization. After the sensor chip 
is washed with HBS buffer, the residual active groups on the sensor 
chip are blocked by ethanolamine solution (1 M ethanolamine 
hydrochloride, pH8.5). Again, the sensor chip is washed with HBS 

15 buffer. The resulting chip is used for the binding evaluation. 

In the next step, an adequate amount of the protein dissolved 
in HBS buffer is injected onto the sensor chip. Then, the amount of 
protein, which interacts to bind to the protein immobilized on the 
sensor chip, is observed as an increase in the resonance signal values . 

20 Further, in the above-mentioned binding evaluation system, a 

test sample is injected after the injection of the protein capable 
of interacting the other protein. Together with the testing group 
where test samples are injected, a control group may be used. Such 
control groups can be either of a negative control group without any 

25 test samples or positive control group, or both the groups. 

The protein bound can be measured quantitatively as a 
differential resonance signal value. In this case, the results 
obtained for the negative control group without test samples are 
compared with those for the groups with test samples and/or for the 

30 positive control group, to detect and identify the target compound. 

In the present invention, either of the proteins is labeled, 
and the label on the protein can be utilized to detect or measure 
the protein binding. 

For example, in the above-mentioned screening method, one 

35 protein, which is to be mixed with a test sample and to be contacted 
with the other protein, is pre-labeled, and then incubated in 
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combination with the test sample. After wash, the bound protein is 
detected or measured based on the label on the protein. Namely, the 
labeled protein and the test sample are preferably contacted with 
the other protein linked to the support. After the incubation, the 
5 support is washed, and then the label on the bound protein is detected 
or measured. 

The proteins to be used in the present invention can be labeled 
according to a common method. Labeling substances include, for 
example, radioisotope, enzyme, fluorescent substance, 
10 biotin/avidin, and the like. These labeling substances may be 
commercially available ones. Examples of radioisotope are ^^P, ^^P, 
131 J ^ 125-j.^ 3jj^ 14^^ 35g^ rpj^^ enzyme includes, for example, alkaline 

3 phosphatase, horseradish peroxidase, P-galactosidase , 

p-glucosidase, and the like. The fluorescent substance is 
=y 15 exemplified by fluorescein isothiocyanate (FITC) , and rhodamine. 
'1 All these are commercially available, and the labeling with them can 

:p be performed by a known method. 

'•r- Procedures are specifically as follows. Namely, a solution 

=1 containing either of the proteins is added to a plate, and the plate 

F 20 is allowed to stand still overnight. After wash of the plate, 
=S blocking, for example with BSA, is conducted to avoid non-specific 

3 binding of proteins. The plate is washed again, and a test sample 

and the labeled protein are added thereto. A negative control group 
without test samples and/or positive control group is contained in 
25 this experiment. All to be tested are incubated, and then the plates 
are washed, and finally the bound protein is detected or measured. 
In the step of detection or measurement, radioisotope can be detected 
or measured by using liquid scintillation. When the label is an 
enzyme, a substrate is added to the system and the detection or 
30 measurement is based on an enzymatic change of substrate, for example, 
coloration, which can be detected or measured in an absorbance 
spectrometer. Fluorescent substances may be detected or measured in 
a f luorophotometer . These results are compared with values obtained 
for the control groups to identify the target compound. 
35 In the present invention, a primary antibody specifically 

recognizing either of the proteins, in the combination of TAKl and 
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TABl, can be used to detect or measure the bound protein. 

For example, together with a test sample, one protein is 
contacted and incubated with the other protein, after wash, the bound 
protein is detected or measured with a primary antibody specifically 
5 recognizing the protein. Namely, the protein and the test sample are 
preferably contacted with the other protein linked to the support. 
After the incubation, the support is washed, and the bound protein 
is detected or measured by utilizing the primary antibody specifically 
recognizing the bound protein. The primary antibody is preferably 
10 labeled with a labeling substance. 

Such an experiment can be conducted specifically as follows. 
A solution containing either of the proteins is added to a plate, 
and the plate is allowed to stand still overnight. After wash of the 
plate, blocking, for example with BSA, is conducted on the plate to 
lU 15 avoid non--specif ic binding of proteins. The plate is washed again, 
and a test sample and the other protein are added thereto . A negative 
::p control group without test samples and/or positive control group is 

contained in this experiment. 
□ All to be tested are incubated, and then the plates are washed. 

J 20 The antibody against the protein that has been added together with 

i y 

P the test sample is added thereto. After appropriate incubation, the 

P plate is washed, and the protein is detected or measured with the 

primary antibody specifically recognizing the protein. In the step 
of detection or measurement, radioisotope can be detected or measured 

25 by using liquid scintillation. When the label is an enzyme, a 
substrate is added to the system, and the detection or measurement 
is based on an enzymatic change of substrate, for example, coloration, 
which can be detected or measured in an absorbance spectrometer. 
Fluorescent substances may be detected or measured in a 

30 f luorophotometer . The results obtained are compared with those for 
the control groups to identify the target compound. 

In the present invention, a primary antibody specifically 
recognizing other peptides that are fused with the protein to be used 
in the present invention can be used to detect or measure the bound 

35 protein. 

For example, in the above-mentioned screening method, together 
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with a test sample, either one of the proteins is contacted and 
incubated with the other protein, after wash, the bound protein is 
detected or measured with a primary antibody specifically recognizing 
a peptide fused with the protein. Namely, the protein and the test 
sample are preferably contacted with the other protein linked to the 
support. After the incubation, the support is washed, and then the 
bound protein is detected or measured by the primary antibody 
specifically recognizing the peptide fused with the bound protein. 
The primary antibody is preferably labeled with a labeling substance. 

Such an experiment can be conducted specifically as follows. 
Namely, a solution containing either of the proteins is added to a 
plate, and the plate is allowed to stand still overnight. After wash 
of the plate, blocking, for example with BSA, is conducted on the 
plate to avoid non-specific binding of proteins. The plate is washed 
again, and a test sample and the other protein fused with a peptide 
are added thereto. A negative control group without test samples 
and/or positive control is contained in this experiment. 

All to be tested are incubated, and then the plates are washed. 
The antibody against the peptide fused with the protein that has been 
added together with the test sample is added thereto. After suitable 
incubation, the plate is washed, and the protein is detected or 
measured with the primary antibody specifically recognizing the 
peptide fused with the protein. In the step of detection or 
measurement, radioisotope can be detected or measured by using liquid 
scintillation. When the label is an enzyme, a substrate is added to 
the system, and the detection or measurement is based on an enzymatic 
change of substrate, for example, coloration, which can be detected 
or measured in an absorbance spectrometer. Fluorescent substances 
may be detected or measured in a f luorophotometer . The results 
obtained are compared with those for the control groups to identify 
the target compound. 

In the present invention, a primary antibody specifically 
recognizing the protein to be used in the present invention and a 
secondary antibody specifically recognizing the primary antibody can 
be used to detect or measure the bound protein. 

For example, together with a test sample, either one of the 
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proteins is contacted and incubated with the other protein, after 
wash , the bound protein is detected or measured with a primary antibody 
specifically recognizing the protein and the secondary antibody 
specifically recognizing the primary antibody. Namely, the protein 
and the test sample are preferably contacted with the other protein 
linked to the support. After the incubation and wash, the bound 
protein is detected or measured by the primary antibody specifically 
recognizing the protein and the secondary antibody specifically 
recognizing the primary antibody. The secondary antibody is 
preferably labeled with a labeling substance. 

Such an experiment can be conducted specifically as follows. 
Namely, a solution containing either of the proteins is added to a 
plate, and the plate is allowed to stand still overnight. After wash 
of the plate, blocking, for example with BSA, is conducted on the 
plate to avoid non-specific binding of proteins . The plate is washed 
again, and a test sample and the other protein are added thereto. 
A negative control group without test samples and/or positive control 
group is contained in this experiment. 

All to be tested are incubated, and then the plates are washed, 
the primary antibody against the peptide fused with the protein that 
has been added together with the test sample is added thereto. After 
appropriate incubation, the plate is washed, and then the secondary 
antibody specifically recognizing the primary antibody is added 
thereto. After suitable incubation, the plate is washed, and the 
protein is detected or measured with the secondary antibody 
specifically recognizing the primary antibody specifically 
recognizing the protein. In the step of detection or measurement, 
radioisotope can be detected or measured by using liquid 
scintillation. When the label is an enzyme, a substrate is added to 
the system, and the detection or measurement is based on an enzymatic 
change of substrate, for example, coloration, which can be detected 
or measured in an absorbance spectrometer. Fluorescent substances 
may be detected or measured in a f luorophotometer . The results 
obtained are compared with those for the control groups to select 
the target compound. 

In the present invention, a primary antibody specifically 
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recognizing other peptides that are fused with the protein and a 
secondary antibody specifically recognizing the primary antibody can 
be used to detect or measure the bound protein. 

For example, in the above-mentioned screening method, together 
5 with a test sample, either one of the proteins is contacted and 
incubated with the other protein, after wash, the bound protein is 
detected or measured with a primary antibody specifically recognizing 
a peptide fused with the protein and a secondary antibody specifically 
recognizing the primary antibody. Namely, the protein and the test 
10 sample are preferably contacted with the other protein linked to the 
support. After the incubation, the support is washed, and then the 
bound protein is detected or measured by the primary antibody 
:S specifically recognizing the peptide fused with the bound protein 

;0 and the secondary antibody specif icall^f recognizing the primary 

S 15 antibody. The secondary antibody is preferably labeled with a 

labeling substance. 
% Such an experiment can be conducted specifically as follows. 

Namely, a solution containing either of the proteins is added to a 
H plate, and the plate is allowed to stand still overnight. After wash 

111 20 of the plate, blocking, for example with BSA, is conducted to avoid 
non-specific binding of proteins. The plate is washed again, and a 
ll test sample and the other protein fused with a peptide are added 

thereto. A negative control group without test samples and/or 
positive control group is contained in this experiment. 
25 All to be tested are incubated, and then the plates are washed, 

the primary antibody against the peptide fused with the protein that 
has been added together with the test sample is added thereto . After 
appropriate incubation, the plate is washed, then the secondary 
antibody specifically recognizing the primary antibody is added 
30 thereto. After suitable incubation, the plate is washed, and the 
protein is detected or measured with the secondary antibody 
specifically recognizing the primary antibody specifically 
recognizing the peptide fused with the protein. In the step of 
detection or measurement, radioisotope can be detected or measured 
35 by using liquid scintillation. When the label is an enzyme, a 
substrate is added to the system, and the detection or measurement 
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is based on an enzymatic change of substrate, for example, coloration, 
which can be detected or measured in an absorbance spectrometer. 
Fluorescent substances may be detected or measured in a 
f luorophotometer . The results obtained are compared with those for 
5 the control groups to determine the target compound. 

In more detail, the present invention can be conducted 
particularly preferably by Enzyme-linked Immunosorbent Assay (ELISA) 
as follows. Specifically, TAKl fused with a peptide, for example 6 
X His, is diluted with an immobilization buffer (0.1 M NaHCOa, 0.02% 
10 NaNa, pH9 . 6) . Appropriate amounts of the aqueous solution of dilution 
are added to respective wells of a 96-well immuno-plate (Nunc) and 
incubated at 4*C overnight. 

Each well is washed 3 times with a washing buffer (prepared 
!:0 as PBS containing 0.05% Tween20) , and 200 Jil of PBS containing 5% 

Ji^ 15 BSA (SIGMA) is added thereto, and then the plate was incubated for 
blocking at 4°C overnight. 

Subsequently, each well is washed 3 times with the washing 
buffer, adequate amounts of TABl fused with a peptide (e.g., FLAG) , 
^3 which has been diluted with a dilution buffer (1% BSA and 0.5% Tween20 

in 20 in PBS) and a test sample are added thereto. The resulting mixture 
D is incubated at room temperature for 1 hour. Each well is washed 3 

l2 times with the washing buffer, and a 100-^1 aliquot of mouse anti-FLAG 

M2 antibody (IBI) , which has been diluted to 3 M-g/ml with the dilution 
buffer, is added to each well. The plate is incubated at room 
25 temperature for 1 hour. 

Each well is washed 3 times with a washing buffer, and a 100-^il 
aliquot of alkaline phosphatase-labeled goat anti-mouse IgG antibody 
(ZYMED) , which has been diluted 1000 times with the dilution buffer, 
is added to each well. The plate is incubated at room temperature 
30 for 1 hour. Each well is washed 5 times with a washing buffer, and 
a lOO-M-l aliquot of a coloring solution (substrate buffer (50 mM 
NaHCOa, 10 mM MgCl2, pH9.8) containing 1 mg/ml p-phenylphosphate ; 
SIGMA) is added to each well. The plate is incubated at room 
temperature, and then absorbance at 405 nm is measured by using a 
35 microplate reader (Model3550, BIO-RAD) . The results obtained are 
compared with those for the negative control group and/or positive 



30 



control group to identify the target compound. 

In addition, protein G or protein A instead of the secondary 
antibody can be utilized in the detection or measurement using the 
antibody of the present invention. 
5 The inventive screening method can be practiced by using High 

Throughput Screening (HTS) . Specifically, the steps from the start 
to the blocking are performed manually, and the remaining reactions 
are automated by using a robot, thereby achieving a high-throughput 
screening. 

10 Specifically, TAKl fused with a peptide, for example 6 x His, 

is diluted with an immobilization buffer (0.1 M-NaHCOs, 0.02% NaNs, 
pH9,6) . Appropriate amounts of the aqueous solution of dilution are 
added to respective wells of a 96-well immuno-plate (Nunc) and 
iH incubated at 4'C overnight. 

!s: 15 Each well is washed 3 times with a washing buffer (prepared 

as PBS containing 0.05% Tween20) , and 200 ^il of PBS containing 5% 
BSA (SIGMA) is added thereto, and then the plate was incubated for 
blocking at 4'*C overnight. 
O Subsequently, for example, the immuno-plate subjected to the 

20 blocking treatment is placed in a Biomek2000 HTS system (Beckman) , 
B and the device is operated by a system control program. In this 

i^T process, a dispenser such as Biomek 2000 dispenser (Beckman) or 

Multipipette 96-well dispenser (Sagian) can be used to dispense 
solutions to each well or to remove them from well of the immuno-plate. 
25 Further, EL404 microplate washer (Bio Tek) can be used to wash each 
well of the immuno-plate. Absorbance can be measured by using a 
SPECTRAmax250 plate reader (Molecular Devices) . 

The operating program is set to conduct the following steps. 
Specifically, each well is washed 3 times with the washing buffer, 
30 and then adequate amounts of a test sample and TABl fused with a 
peptide, for example maltose-binding protein (MB?) , which has been 
diluted with a dilution buffer (1% BSA and 0.5% Tween20 in PBS) , are 
added thereto. A negative control group without test samples and a 
positive control are simultaneously managed. These all samples are 
35 incubated at room temperature for 1 hour. 

Each well is washed 3 times with a washing buffer, and a lOO-M-l 
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aliquot of rabbit anti-MBP antiserum (New England Biolabs) , which 
has been diluted 5000 times with the dilution buffer, is added thereto. 
The plate is incubated at room temperature for 1 hour. Each well is 
washed 3 times with a washing buffer, and a 100-^il aliquot of alkaline 
phosphatase-labeled goat anti-rabbit IgG antibody (TAGO) , which has 
been diluted 5000 times with the dilution buffer, is added to each 
well. The plate is incubated at room temperature for 1 hour. 

Each well is washed 5 times with a washing buffer, and a 100-fXl 
aliquot of a coloring solution (substrate buffer (50 mM NaHCOs, 10 
mM MgCla, pH9.8) containing 1 mg/ml p-nitrophenylphosphate; SIGMA) 
is added to each well. The plate is incubated at room temperature, 
and then absorbance at 405 nm is measured by using a microplate reader, 
Biomekplate reader (Beckman/Molecular Devices) . The results 
obtained are compared with those for control groups to identify the 
target compound. 

Antibodies to be used in the present invention can be 
commercially available antibodies and antibodies contained in 
commercially available kits as well as monoclonal or polyclonal 
antibodies that can be prepared by using well-known methods. 

Monoclonal antibody can be prepared by using a desired antigen 
for sensitization. Immunization is performed by using this antigen 
according to a commonly used method. The resulting immune-cells are 
fused with publicly known parental cells by a standard cell fusion 
method. Cells producing monoclonal antibody are screened by a 
standard screening method. 

Specifically, monoclonal antibody or polyclonal antibody is 
generated as follows. For example, the origin of sensitizing antigen 
to obtain antibody is not restricted to a particular animal species, 
but it is preferred to use an antigen that is of the same mammalian 
origin as the peptide actually used in the present invention, for 
example, human, mouse, or rat. Among them, the sensitizing antigen 
originating from human is particularly preferable . For example , when 
human TAKl or human TABl is intended to use as the sensitizing antigen, 
their nucleotide sequences and amino acid sequences can be obtained 
by the gene sequences disclosed herein. Alternatively, when other 
peptides to be fused with the above-mentioned proteins are used as 
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the sensitizing antigens, the peptides can be prepared by chemical 
synthesis or genetic engineering. 

The protein or peptide to be used as the sensitizing antigen 
may be the full-length one or the fragment thereof. The fragment 
includes, for example, a C-terminal fragment or N-terminal fragment. 

There is no particular limitation on the mammal to be immunized 
with the sensitizing antigen, but it is preferable to select with 
considering compatibility to a parental cell to be used for cell 
fusion. Generally used are animals belonging to Rodentia, 
Lagomorpha, and Primates. 

An animal of Rodentia is exemplified, for example, by mouse, 
rat, and hamster. Lagomorpha animal includes, for example, rabbit. 
An animal of Primates includes, for example, monkey. Monkeys such 
as those of Catarrhini (old-world monkey ) including crab-eating 
monkey, rhesus monkey, hamadryas baboon, and chimpanzee can be used. 

Animal is immunized with a sensitizing antigen according to 
a known method. For example, as a standard method, the sensitizing 
antigen is intraperitoneally or subcutaneously injected to a mammal. 
Specifically, the sensitizing antigen is appropriately diluted and/or 
suspended in Phosphate-Buffered Saline (PBS) , physiological saline, 
etc. If necessary, the solution is mixed with an adequate amount of 
a standard adjuvant e.g., Freund' s complete adjuvant, emulsified, 
and preferably given to a mammal several times at 4 to 21 day intervals . 
An appropriate carrier may also be used at the time of the immunization 
with the sensitizing antigen. After the immunization, increases in 
the serum level of desired antibody are confirmed by a commonly used 
method . 

In order to obtain polyclonal antibody, after the verification 
of elevated serum level of desired antibody, blood is collected from 
the mammal sensitized with the antigen. Serum is separated from the 
blood by a known method. As polyclonal antibody, serum containing 
the polyclonal antibody may be used, or alternatively, if needed, 
a fraction containing the polyclonal antibody may be further isolated 
from the serum. 

In order to obtain monoclonal antibody, after the verification 
of elevated serum level of desired antibody in a mammal sensitized 
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with the above-mentioned antigen, immune-cells are collected from 
the mammal. The cells are subjected to the cell fusion. Preferably, 
the immune-cells to be utilized for the cell fusion are spleen cells 
in particular. 

5 The other parental cells to be fused with the above-mentioned 

immune-cells include mammalian myeloma cells. Such cells used 
preferably may be various known cell lines. 

Basically, cell fusion between the above-mentioned 
immune-cells and myeloma cells can be performed according to a known 

10 method including, for example, the method of Milstein et al . (Galfre, 
G. and Milstein, C, Methods Enzymol ._ (1981) 7_3 , 3-46), etc. 

More specifically, the above-mentioned cell fusion may be 
conducted, for example, in the presence of cell fusion-enhancing agent 
in a commonly used nutrient culture medium. The cell 

15 fusion-enhancing agent is, for example , polyethylene glycol (PEG) , 
Sendai virus (HVJ) , or the like. An adjuvant, such as dimethyl 
sulfoxide or the like, may optionally be used together to enhance 
the efficiency of fusion. 

A mixing ratio between immune-cells and myeloma cells 

20 preferably ranges, for example, from 1:1 to 1:10 of myeloma cell vs. 
immune-cells. Cell culture medium for the above-mentioned cell 
fusion includes, for example, RPMI1640 and MEM media that are 
preferred for the proliferation of the myeloma cell lines, and other 
standard culture media that are used in this type of cell culture. 

25 Serum supplements such as fetal calf serum (FCS) can be used together. 

The cell fusion is carried out as follows . The above-mentioned 
immune-cells are mixed well with myeloma cells at a given ratio in 
the above-mentioned medium. A solution of PEG (for example, averaged 
molecule weight of about 1000 to 5000) , which has been pre-heated 

30 at about 37**C, is generally added to the cell mixture at a 
concentration of 30 to 60% (W/V) , and mixed to form the fused cells 
(hybridomas) of interest. Subsequently, the agent for cell fusion 
and other agents, which are not preferable for the growth of 
hybridomas, can be removed by repeatedly conducting the following 

35 procedures: adding an appropriate culture medium to the cell mixture; 
centrifuging them; and removing the supernatant. 
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The hybridomas are selected by culturing the cells in a standard 
selection medium, for example, HAT medium (a medium containing 
hypoxanthine , aminopterin, and thymidine) . The culture in the HAT 
medium is continued till all cells except the hybridomas of interest 
5 (non-fused cells) are sufficiently killed, generally, for several 
days to several weeks. Then, the commonly used limiting dilution 
method is employed to screen and clone the hybridomas producing 
antibodies of interest. 

Further, in addition to the preparation of hybridomas in which 
10 an animal except human is immunized with an antigen, the following 
alternative method can be employed. Human lymphocytes, for example, 
EB virus-infected human lymphocytes are in vitro sensitized with a 
protein or peptide, cells expressing them, or lysate of the cells. 
M The sensitized lymphocytes are fused with human-derived myeloma cells 

S 15 (e.g., U266 cell) having permanent division potential to obtain 
M hybridomas producing desired human antibodies having the activity 

% of binding to the peptide (Unexamined Published Japanese Patent 

Application No. Sho 63-17688). 

Another alternative method may be employed. A transgenic 
jy 20 animal having human antibody gene repertoire is immunized with an 
y antigen, which may be a protein or peptide, cells expressing them, 

^1 or lysate of the cells, to obtain cells producing antibody. The cells 

are fused with myeloma cells to prepare hybridomas, and thereby 
obtaining human antibodies against the protein or peptide to be used 
25 in the present invention (refer to WO92-03918 , W093-2227 , WO94-02602 , 
W094-25585, W096-33735, and WO96-34096) . 

The prepared hybridomas producing monoclonal antibody can be 
cultivated and passaged in a standard culture medium, and also can 
be stored in liquid nitrogen over the long term. 
30 Monoclonal antibodies can be prepared from the hybridomas by 

the following methods and such. The hybridomas are cultured 
according to a standard procedure, and the monoclonal antibody can 
be obtained as the culture supernatant. Alternatively, the 
hybridomas are transplanted and grown in a mammal that has the 
35 compatibility to the hybridomas, and the monoclonal antibody can be 
obtained as the ascites . The former method is suitable for the 
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preparation of highly pure antibody, and the latter is suitable for 
the preparation of antibody in large quantity. 

In addition to the antibody production by hybridoma, 
oncogene-immortalized immune-cells such as sensitized lymphocytes 
producing antibody of interest can be used for this purpose. 

The monoclonal antibody thus obtained can also be prepared as 
a recombinant antibody produced by utilizing gene recombination 
techniques. For example, the recombinant antibody can be produced 
by cloning the antibody gene from the immune-cells such as hybridomas 
or antibody-producing sensitized lymphocytes , inserting the gene into 
an appropriate vector, and introducing the vector into a host. In 
the present invention, the recombinant antibody can be used (refer 
to, for example, Borrebaeck, C. A. K. and Larrick, J. W. , THERAPEUTIC 
MONOCLONAL ANTIBODIES, Published in the United Kingdom by MACMILLAN 
PUBLISHERS LTD, 1990) . 

The antibody to be used in the present invention may be an 
antibody fragment thereof or modified antibody, as far as it has the 
desired binding activity. For example, such an antibody fragment 
includes Fab, F(ab')2, Fv, or single chain Fv (scFv) in which Fv of 
H chain and Fv of L chain are linked to each other with an appropriate 
linker. Specifically, an antibody is treated with an enzyme, for 
example, papain or pepsin, to provide an antibody fragment. 
Alternatively, genes encoding the antibody fragments are constructed 
and inserted into an expression vector, and the resulting constructs 
is expressed in an appropriate host cell. 

The antibody expressed and produced as described above can be 
separated from intracellular and/or extracellular material or the 
hosts and then purified to homogeneity. There is no particular 
limitation on the method of separation and purification of the 
antibody used for the present invention, and any 
separation-purification methods for usual proteins are usable. 

For example, the antibody can be separated and/or purified by 
the appropriately selected and combined use of column 
chromatographies such as affinity chromatography and the like, 
filter, ultrafiltration, salting-out, dialysis, SDS polyacrylamide 
gel electrophoresis, isoelectric focusing, and others (Antibodies: 
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A Laboratory Manual. Ed Harlow and David Lane, Cold Spring Harbor 
Laboratory, 1988) . 

A column used in affinity chromatography is exemplified by 
protein A column or protein G column. For example, protein A column 
5 includes Hyper D, POROS, and Sepharose F.F. (Pharmacia). 

In addition to affinity chromatography, the chromatographic 
method includes, for example, ion-exchange chromatography, 
hydrophobic chromatography, gel filtration, reverse-phase 
chromatography, adsorption chromatography, and the like (Strategies 
10 for Protein Purification and Characterization: A Laboratory Course 
Manual. Ed Daniel R. Marshak et al . , Cold Spring Harbor Laboratory 
Press, 1996) . The chromatographic procedures can be carried out by 
=5 liquid-phase chromatography such as HPLC, FPLC, or the like. 

The concentration or activity of the antibody obtained above 
Q 15 can be measured by a known method, for example, ELISA, enzymatic 
immunoassay (EIA) , radioimmunoassay (RIA) , or immunofluorescence, 
g The primary antibody or secondary antibody obtained above can 

be labeled according to a commonly-known method. Labeling substances 
include, for example, radioisotope, enzyme, fluorescent substance, 
fU 20 and the like. These labeling substances may be commercially 
available ones. Examples of radioisotope are ^^P, ^^P, ^^^I, ^^^I, ^H, 
^^C, and ^^S. The enzyme includes, for example, alkaline phosphatase, 
horseradish peroxidase, p-galactosidase , P-glucosidase , and the 
like. The fluorescent substance is exemplified by fluorescein 
25 isothiocyanate (FITC) and rhodamine. The labeling can be performed 
by a known method by obtaining these commercially available labeling 
substances. 

The binding between TAKl and TABl can also be detected and/or 
measured by observing change in the expression level of a reporter 

30 gene which is activated in response to the binding of the proteins. 
Lucif erase, P-galactosidase , HIS3 gene, chloramphenicol 
acetyltransf erase (CAT) , green fluorescent protein (GFP) gene, or 
the like can be used as the reporter gene which is activated in response 
to the biological activity produced by the binding between TAKl and 

35 TABl . 

TAKl and TABl expressed in cells may be fused proteins with 
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other peptides . The peptides to be fused with the proteins can be 
any peptides as far as the peptides are usable in the inventive 
screening method, but are preferably transcriptional regulatory 
factors . 

5 For example, TAKl and TABl DNAs are respectively fused with 

DNAs encoding respective subunits of heterodimeric transcriptional 
regulatory factor that is known to bind to a DNA and thereby activating 
the transcription of a certain reporter gene. The fusion genes are 
inserted into expression vectors, and the resulting DNA constructs 
10 are introduced into cells. When a test sample does not contain any 
compound inhibiting the binding between TAKl andjTABl , the respective 
subunits fused with TAKl and TABl form the heterodimer. The 
;R heterodimeric transcriptional regulatory factor binds to the DNA and 

{fi thereby activating the reporter gene. 

15 When a test sample contains a compound inhibiting the binding 

1="=^ between TAKl and TABl, the compound inhibits the binding between TAKl 

;C and TABl. As a result, the subunits of the transcriptional regulatory 

factor cannot form the heterodimer, and thus the transcription of 
'p; the reporter gene is not induced. The target compound can be detected 

fll 20 or measured by observing change in the expression level of a reporter 
gene. The two-hybrid system (Fields, S., and Sternglanz , R. , Trends. 
\2 Genet. (1994) 10, 286-292) can be used when change in the expression 

level of a reporter gene is intended to be assayed in such a system. 

The two-hybrid system may be constructed by using a commonly 
25 used method or by utilizing a commercially available kit. Examples 
of the commercially available two-hybrid system kit are MATCHMAKER 
Two-Hybrid System, Mammalian MATCHMAKER Two-Hybrid Assay Kit (both 
are products from CLONTECH) , and HybriZAP Two-Hybrid Vector System 
(Stratagene) . 

30 Specifically, the following procedure is employed for the 

experiments . The gene encoding TAKl is ligated with the gene encoding 
LexA DNA-binding domain to provide an expression vector. For 
example, the gene encoding full-length TAKl of SEQ ID NO: 2 or its 
segment having amino acids 1 to 418 is inserted in frame into an 

35 expression plasmid pBTM116 (Vojtek, A.B., et al . , Cell (1993) 74, 
205-214) for the yeast two-hybrid system to construct an expression 
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plasmid. 

Next, the gene encoding full-length TABl of SEQ ID NO: 4 or 
its segment containing amino acids 1 to 504 is ligated with the gene 
encoding GAL4-transcription activation domain to prepare an 
5 expression vector. The expression vector can be constructed, for 
example, by inserting the TABl-encoding gene in frame into an 
expression plasmid pGADlO (CLONTECH) for the yeast two-hybrid system. 

Each of the two-hybrid expression plasmids is transformed into 
cells of yeast L40 strain containing the HISS gene of which 
10 transcription is regulated by a promoter with a LexA-binding motif. 
When the cells are incubated on synthetic medium without histidine, 
the presence of the protein interaction results in yeast growth. 
;S Thus, the degree of transformant growth indicates increases in the 

iO expression level of the reporter gene, and the target compound can 

15 be screened. 

M In another embodiment of the screening system provided by the 

T present invention, TAKl kinase activity generated by TAKl , or by TAKl 

and TABl is used as an index. 
"J An in vitro kinase assay system using TAKl, or using TAKl and 

(fiat 

ru 20 TABl is utilized to conduct the screening where TAKl kinase activity 
P is used as an index. A TAKl molecule lacking the N-terminal 22 amino 

n acid residues constitutively shows the kinase activity. Thus, the 

TAKl molecule lacking the N-terminal 22 amino acid residues is 
expressed in animal cells such as COS cell, bacterial cells such as 
25 E. coli, yeast cells, and so on, and then a test sample is added and 
incubated with TAKl. Subsequently, a substrate protein for TAKl, 
such as MKK6, together with ^^P-ATP, is added to TAKl separated with 
an anti-TAKl antibody or the like to perform kinase reaction. The 
activity is then detected or measured. After the kinase reaction, 
30 the amount of ^^P-ATP incorporated into the substrate protein by the 
phosphorylation thereof is assayed to evaluate the TAKl kinase 
activity. The result is compared to that of a negative control without 
any test sample to identify a compound directly inhibiting TAKl kinase 
activity . 

35 Such an in vitro kinase assay system using TAKl and TABl is 

exemplified by the one as described in a reference (Moriguchi, T., 
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et al. J. Biol. Chem. 271: 13675-13679 (1996)). For example, TAKl 
and TABl expressed in animal cells such as COS cell, E. coli, yeast, 
and such are incubated with a test sample In vitro, and a substrate 
protein, such as MKK6 , together with ^^P-ATP , is added to TAKl separated 
5 with an anti-TAKl antibody or the like to perform kinase reaction. 
The activity is then detected or measured. After the kinase reaction, 
the amount of ^^P-ATP incorporated into the substrate protein by the 
phosphorylation thereof is assayed to evaluate the TAKl kinase 
activity . The result is compared to that of a negative control without 
10 any test sample to identify a compound inhibiting TAKl kinase 
activity. - 

The screening method using TAKl kinase activity as an index 
can be used for High Throughput Screening (HTS) . Specifically, the 
l;0 steps of addition, mixing, and respective reactions for each sample 

15 are automated by using a robot, the phosphorylation degree of 
M substrate protein is detected by scintillation proximity assay method 

% (Bothworth, N. and Towers, P., Nature, 341: 167-168, 1989), and 

;i thereby achieving a high-throughput screening. 

y Specifically, together with a test sample, TAKl and TABl 

ly 20 expressed in animal cells such as COS cell, E. coli, or yeast, are 
added to each well of 96-well microplate, and the plate is incubated. 
Subsequently, ^^P-ATP and a substrate protein (e.g. , MKK6) are added 
to the above-mentioned reaction solutions for the kinase reaction. 
In the next step, an anti-MKK6 antibody is added to each well, and 

25 then SPA beads (Amersham) which are coated by protein A or an antibody 
specifically recognizing other antibodies in a species-specific 
manner are added to each well. After incubation, radioactivity 
incorporated into the substrate protein is measured by using a 
MicroBeta scintillation counter (Wallac) . Alternatively, when 

30 biotinylated substrate protein is used, streptavidin-coated SPA beads 
can be used for the assay. The result obtained by these methods is 
compared to that of a control group to identify a test sample 
containing a compound inhibiting TAKl kinase activity. 

In yet another embodiment of the screening system provided by 

35 the present invention, the assay is performed by using cells in vitro. 
Specifically, a test sample is introduced into and/or contacted with 
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cells expressing TAKl and TABl , and then TAKl- and TAB 1 -mediated 
transduction of biological activity is detected and/or measured. A 
compound reducing the biological activity is selected to obtain the 
target compound. 

5 In the above-described method, proteins to be used are 

expressed in cells used for the assay. Examples described later have 
revealed that the inhibition of binding between TAKl and TABl inhibits 
the signal transduction through inflammatory cytokines, which further 
inhibits the production of other inflammatory cytokines involved in 
10 the cytokine network. Accordingly, the detection and/or measurement 
of the TAK1-, or TAKl- and TABl-mediated transduction of biological 
activity makes it possible to inhibit or suppress the signal 

I: J 

transduction through inflammatory cytokine of interest, and based 
on the inhibition or suppression, makes it possible to inhibit or 
S 15 suppress the production of the inflammatory cytokine, to inhibit or 
H suppress physiological activity of the inflammatory cytokine, or 

% possible to screen a compound inhibiting or suppressing the 

5: inflammatory stimulation-induced signal transduction. 

Cells expressing TAKl, or TAKl and TABl can be preferably 
m 20 prepared by gene engineering techniques, by introducing the 
y herein-described DNAs encoding them into cells that naturally express 

l2 none of them. 

Any cells can be used as cells expressing TAKl, or TAKl and 
TABl as far as the cells can be used for the present invention. Cells 
25 usable for the present invention include prokaryotic and eukaryotic 
cells . The prokaryotic cells include bacterial cells , and eukaryotic 
cells include mammalian cells, insect cells, and yeast cells. 

The genes encoding the proteins to be used in the present 
invention are introduced into these cell lines, and a test sample 
30 is added thereto. Then, actions reflecting the signal transduction 
through inflammatory cytokines, production of inflammatory 
cytokines, physiological activity of inflammatory cytokines, 
inflammatory stimulation-induced signal transduction, and so on are 
detected or measured. The introduction and contact of a test sample 
35 may be achieved by adding the test sample into a cell culture medium. 

Biological activities transduced through the mediation of 
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TAKl, or TAKl and TABl include, for example, biological activities 
of inflammatory cytokines, the activity of inducing inflammatory 
mediators, and change in the expression levels of reporter genes. 

Specific examples of inflammatory cytokine are IL-1 (e.g., 
5 IL-ia and IL-1 p) , TNF (e.g., TNFtt and TNF P) , IL-6, etc. The 
biological activity of IL-1 includes the enhancement of antibody 
production, activation of T and/or B cells, induction of production 
of other cytokines including IL-6, IL-2 , and IFN-5 based on cytokine 
network, induction of acute-phase proteins, fever, activation of 
10 vascular endothelial cells, infiltration of leukocytes, and 
production of collagenase and/or collagen. Accordingly, any of these 
actions can be detected or measured to detect the biological activity 
of IL-1 as an inflammatory cytokine. 
!B The biological activity of TNf includes the activation of T 

15 cell and macrophage, induction of production of other cytokines 
N= including IL-1, IL-6, and IL-8 based on cytokine network, induction 

sr. 

"P of apoptosis, production of collagenase and/or collagen, and 

;i production of prostaglandins. Accordingly, any of these actions can 

be detected 'or measured to detect the biological activity of TNF as 
ly 20 an inflammatory cytokine. The biological activity of IL-6 includes 
the induction of acute-phase proteins, enhancement of antibody 
l2 production, increase in hematopoietic stem cell, enhancement of 

neuronal cell differentiation. Accordingly, any of these actions can 
be detected or measured to detect the biological activity of IL-6 
25 as an inflammatory cytokine. 

Cell lines and such that are already known to show these actions 
can be used in the detection or measurement of these actions in order 
to detect the biological activity of inflammatory cytokines. For 
example, the activity of inducing cytokine production can be detected 
30 or measured quantitatively by assaying the amount of cytokine produced 
in a T cell line by ELISA or PGR. 

In order to detect and/or measure the activity of inducing 
inflammatory mediators such as prostaglandins, as a biological 
activity mediated by TAKl, or TAKl and TABl, quantitative assay can 
35 be performed by using a macrophage cell line and a commercially 
available kit, etc. When the enhancement of antibody production is 



42 



intended to be detected or measured, the production amount of antibody 
can be assayed by using a B cell line by ELISA. In the case of detection 
or measurement of the action of T cell activation, the evaluation 
can be done, for example, by analyzing cell surface markers on a T 
5 cell line by FACS or the like. 

The biological activity mediated by TAKl, or TAKl and TABl can 
be detected and/or measured by observing change in the expression 
level of a reporter gene which is activated in response to the 
biological activity. Luciferase, p-galactosidase , HIS3 gene, 
10 chloramphenicol acetyltransf erase (CAT) , green fluorescent protein 
(GFP) gene, or the like can be used as the reporter gene which is 
activated in response to the biological activity produced by the 
:S binding between TAKl and TABl . When a reporter gene is used. Northern 

IS analysis can be conducted to detect and/or measure the expression 

Id 

15 level of the gene. 

The expression of inflammatory cytokines such as IL-6 and IL-1 
% is increased upon inflammatory stimuli such as IL-1 or LPS in 

monocyte/macrophage cells. Thus, in the case of detection and/or 
■~ measurement of the biological activity the transduction of which is 

fll 20 mediated by TAKl, or TAKl and TABl, TAKl and/or TABl are expressed 
Q in the cells, an inflammatory stimulus such as IL-1 or LPS is given 

ri to the cells, thereby evaluating the signal transduction through 

inflammatory cytokines and the associated production of the 
inflammatory cytokines, physiological activity of inflammatory 
25 cytokines, the signal transduction through inflammatory stimulation, 
and/or the expression of inflammatory cytokines. 

The term ^^inflammatory stimulus" means herein an stimulus 
inducing inflammatory reaction, including bacterial infection or 
injury that is a cause of disorders in living tissues, physical 
30 stimulation such as heat , coldness, radiation, or electrostimulation, 
chemical substance, or abnormality of biological immunity. The 
inflammatory stimuli include, for example, IL-1 and LPS. 

Expression vectors for expressing desired proteins can be 
constructed by inserting genes encoding them into suitable 
35 restriction enzyme sites of expression vectors. For example, a 
reporter gene construct containing the luciferase gene which is 
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regulated by an NF-kb response element derived from the IFN- P gene 
(p55IgkLuc; Fujita, T., et al . , Gene, Dev., (1993) 1, 1354-1363) is 
introduced into 293 cells in which the respective expression plasmids 
are introduced and also into the control cells in which an expression 
5 vector without gene insert has been introduced. The respective cells 
are cultured in medium with or without 10 ng/ml IL-1, Lucif erase 
activity is then assayed in the cell extracts. 

When no test sample is added to the cells, the addition of IL-1 
increases the lucif erase activity. On the other hand, in the presence 
10 of a test sample, the lucif erase activity is not increased in the 
cells. In other words, a target compound in the4:est sample inhibits 
the IL-l-induced elevation of reporter gene expression. Thus, 
;g increases in expression level of the reporter gene can be measured, 

TO and thereby successfully screening the target compound. 

% 15 The present invention relates to an inhibitor of the signal 

H transduction through inflammatory cytokines, inhibitor of the 

pa 

% production of inflammatory cytokines , and an anti-inflammatory agent, 

which contain as an active ingredient a compound inhibiting the signal 
■ j: transduction through TAKl . The present invention further provides 

m 20 an inhibitor of the physiological activity of inflammatory cytokines 
y and inhibitor of the signal transduction through inflammatory 

,u stimulation, which contain as an active ingredient a compound 

inhibiting the signal transduction through TAKl. 

The term ^'a compound inhibiting the signal transduction 
25 through TAKl" means a compound inhibiting the biological activity 
of TAKl as described herein. Such a compound inhibiting the signal 
transduction through TAKl includes, for example, a compound 
inhibiting the binding between TAKl and TABl, a compound inhibiting 
the kinase activity of TAKl, and a compound inhibiting antagonism 
30 of substrate for TAKl. 

The term ''a compound inhibiting the binding between TAKl and 
TABl" indicates a compound inhibiting the interaction between TAKl 
and TABl. Such a compound inhibiting the binding between TAKl and 
TABl includes, for example, a compound that specifically binds to 
35 TAKl or a compound that specifically binds to TABl. These compounds 
may be compounds that specifically bind to the respective targets, 
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compete for the targets with the proteins which bind to the targets , 
and the competitive binding keeps the proteins which bind to the 
I targets free from the targets. These compounds may be compounds that 
specifically bind to the region where TAKl and TABl bind to each other 
5 and thereby inhibiting the binding between TAKl and TABl . 

The compounds inhibiting the binding between TAKl and TABl may 
be compounds that specifically bind to TAKl or TABl and, for example, 
have the ability of binding to the target but lack in the ability 
of activation of TAKl and/or TABl. More preferably, the compounds 
10 inhibiting the binding between TAKl and TABl may be compounds that 
specifically bind to the binding site of TAKl to-TABl, or the binding 
site of TABl to TAKl. 

Such compounds inhibiting the binding between TAKl and TABl 
tM include proteins, peptides, and chemically synthesized compounds, 

K 15 for example, TAKl or TABl mutants, partial peptides of TAKl or TABl, 
H antibodies against TAKl or TABl, compounds that specifically bind 

to TAKl, TABl, or both, or antisense oligonucleotides of TAKl or TABl . 
s; There is no particular limitation on the structure, origin, 

and such of the compound inhibiting the binding between TAKl and TABl , 
ry 20 as far as the compound has the activity of inhibiting the binding 
P between TAKl and TABl. 

A specific example of the compound inhibiting the binding 
between TAKl and TABl is TAKl-DN as described below in Examples. 
TAKl-DN has the amino acid sequence from amino acid 77 Glu to amino 
25 acid 303 Gin in the amino acid sequence of SEQ ID NO: 2. TAKl-DN has 
TABl-binding activity but lacks in TAKl kinase activity. 
Accordingly, TAKl-DN can bind to TABl but not induces the signal 
transduction through TAKl. As a consequence, TAKl-DN inhibits the 
binding between normal TAKl and TABl . Thus , TAKl-DN can be a specific 
30 example of the compound inhibiting the signal transduction through 
TAKl. 

The compound inhibiting the binding between TAKl and TABl can 
be obtained by using the screening system with TAKl and TABl. Such 
a system screening with TAKl and TABl includes the screening system 
35 using ELISA or two-hybrid system as described herein. 

The compound inhibiting the kinase activity of TAKl may be a 



compound inhibiting TAKl activation or a compound inhibiting the 
catalytic function of TAKl. The compound inhibiting TAKl activation 
includes, for example, the above-mentioned compound inhibiting the 
binding between TAKl and TABl , or a compound inhibiting TAKl 
5 activation accompanying the binding with TABl . 

These compounds may be compounds that specifically bind to the 
respective targets, compete for the targets with the proteins which 
bind to the targets, and the competitive binding keeps the proteins 
which bind to the targets free from the targets. These compounds may 
10 be compounds that specifically bind to the region where TAKl and TABl 
bind to each other or to the TAK-1 activating region of the TABl and 
thereby inhibiting the binding between TAKl and TABl or inhibiting 
TAKl activation accompanying the binding. 
1:0 The compounds inhibiting the kinase activity of TAKl can also 

1;^ 15 be compounds that act on the catalytic region of TAKl and inhibit 
\1 the phosphorylation ability of activated TAKl. For example, such 

compounds can be compounds that inhibit the catalytic action in the 
phosphorylation or the interaction with the substrate. These 
B compounds may be compounds that specifically bind to the respective 

m 20 targets, compete for the targets with the proteins which bind to the 
D targets, and the competitive binding keeps the proteins which bind 

to the targets free from the targets . These compounds may be compounds 
that specifically bind to the catalytic region of TAKl or the region 
binding to substrate protein in TAKl, TAKl-binding region of a 
25 substrate protein, or the region to be phosphorylated by TAKl, and 
thereby inhibiting the binding between TAKl and its substrate or 
inhibiting the phosphorylation by TAKl accompanying the binding. 
Such a compound inhibiting TAKl kinase activity can be obtained by 
using the in vitro kinase assay system as described above. 
30 Such compounds inhibiting the signal transduction through TAKl 

include proteins, peptides, and chemically synthesized compounds, 
for example, TAKl or TABl mutants, partial peptides of TAKl or TABl, 
antibodies against TAKl or TABl, compounds that specifically bind 
TAKl, TABl, or both, or antisense oligonucleotides of TAKl or TABl. 
35 There is no particular limitation on the structure, origin, and such 
of the compound inhibiting the signal transduction through TAKl, as 
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far as the compound has the activity of inhibiting the signal 
transduction through TAKl . The compound inhibiting the signal 
transduction through TAKl includes a compound of which structure is 
in part modified by addition, deletion, and/or substitution. 
5 As described below in Examples, it has been revealed that the 

compound inhibiting the signal transduction through TAKl inhibits 
the production of inflammatory cytokines such as IL-1, TNF, and IL-6 
induced by an inflammatory stimulus (LPS) and also inhibits IL-6 
production that is induced by an inflammatory cytokine (IL-1) . 

10 Accordingly, the compound inhibiting the signal transduction through 
TAKl is useful for inhibiting the signal transduction through these 
inflammatory cytokines , the production of inflammatory cytokines 
induced thereby, the physiological activity of inflammatory 
cytokines, the signal transduction through inflammatory stimulation, 

15 and/or inflammatory stimulation. It is known that cytokines such as 
IL-1, TNF, and IL-6 are involved in inflammatory reaction and 
therefore are collectively called inflammatory cytokine. 

These inflammatory cytokines are assumed to be involved in the 
advancement of various diseases such as sepsis, rheumatoid arthritis, 

20 asthma, nephritis, hepatitis, and pneumonia . Thus, pharmaceutical 
compositions, which contain a compound inhibiting the signal 
transduction through TAKl, can be used for the treatment and/or 
prevention of these diseases. 

Further, it is known that the inhibition of inflammatory 

25 stimulation-induced or cytokine network-associated production of 
inflammatory cytokines as well as the inhibition of physiological 
action of inflammatory cytokine reduces inflammation and suppresses 
the inflammatory action. Thus, the compound inhibiting the signal 
transduction through TAKl has the anti-inflammatory effect 

30 suppressing the inflammatory stimulation and/or the physiological 
action of inflammatory cytokines. Accordingly, the compound 
inhibiting the signal transduction through TAKl is useful as an 
anti-inflammatory agent. The compound inhibiting the signal 
transduction through TAKl can be used for the expectation of the 

35 anti-inflammatory effect in treating diseases with inflammation. 

The inventive inhibitor of the signal transduction through 
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inflammatory cytokines , inhibitor of the production of inflammatory 
cytokines, anti-inflammatory agent, or pharmaceutical composition 
can be used in a usual manner when given as a pharmaceutical agent 
to human or other mammals , for example , mouse , rat, guinea pig, rabbit, 
5 chicken, cat, dog, sheep, pig, cow, monkey, hamadryas baboon, and 
chimpanzee . 

For example, as required, the inventive inhibitor, agent, or 
composition can be used orally as a sugar coated tablet, capsule, 
elixir, or microcapsule, or used parenterally as an injection of 
10 sterile solution or suspension thereof in water or any other 
pharmaceutically acceptable liquid. 

For example, the product can be manufactured by mixing the 
!5 inventive inhibitor of the production of inflammatory cytokines or 

iO anti-inflammatory agent with a physiologically acceptable carrier, 

,■5 15 flavoring agent, filler, vehicle, preservative, stabilizer, and/or 
M binder in generally acceptable unit dose formulation which is required 

'p for drug manufacture. In such a preparation, the amount of the active 

ingredient should be an appropriate dose within an indicated range 
of dose. 

Ai 20 Additives that can be mixed to tablet and capsule include, for 

5 ^ 

y example, binders such as gelatin, corn starch, gum tragacanth, and 

i."3 

u, gum Arabic, fillers such as crystalline cellulose, swelling agents 

such as corn starch, gelatin, and alginic acid, lubricants such as 
magnesium stearate, sweetener such as sucrose, lactose, and 

25 saccharin, and flavoring agents such as peppermint, Gaultheria 
adenothrix oil, and cherry. 

When the dosage form is a capsule, it can contain a liquid 
carrier such as fatty oil in addition to the above-mentioned 
materials. The sterile composition for injection can be formulated 

30 with a vehicle such as distilled water for injection according to 
a commonly used procedure for drug manufacture. 

Aqueous solutions for injection include, for example, 
physiological saline, isotonic solution containing glucose or other 
adjuvants, for example, D-sorbitol, D-mannose, D-mannitol, or sodium 

35 chloride, which can be used together with an appropriate solubilizer, 
for example, alcohol, specifically, ethanol, polyalcohol, for 
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example, propylene glycol, polyethylene glycol, nonionic detergent, 
for example, polysorbate 80 or HCO-50. 

The oil is exemplified by sesame oil and soybean oil, and it 
can be used together with benzyl benzoate or benzyl alcohol as a 
5 solubilizer. A buffer (e.g., phosphate buffer and sodium acetate 
buffer), pain-killer (e.g., procaine hydrochloride), stabilizer 
(e.g. , benzyl alcohol and phenol) , or antioxidant can be formulated 
into the preparation. The formulated solution for injection is 
generally filled into an appropriate ampul. 
10 Dosage of the inventive inhibitor of the production of 

inflammatory cytokines or anti-inflammatory agent varies depending 
on symptoms but generally is about 0.1 to 100 mg a day, preferably 
■ Q about 1.0 to 50 mg a day, and more preferably about 1.0 to 20 mg a 

IB day, for human adult (in the case of body weight 60 kg) when given 

15 orally. 

U In the case of parenteral administration, its single dose can 

vary depending on the type of subject and organ to be given, symptoms, 
and administration procedures but it is preferable to typically 
administer, for example, about 0.01 to 30 mg a day, preferably about 
m 20 0.1 to 20 mg a day, more preferably about 0.1 to 10 mg a day by 
?3 intravenous injection for human adult (in the case of body weight 

JJ 60 kg) when given as an injection. The drug can be given to other 

animals and the dose to be given can be converted based on the dosage 
for body weight of 60 kg. 

25 

Brief Description of the Drawings 

Figure 1 shows a schematic illustration of the structure of 
TAKl-DN expression vector used in the preparation of transgenic mice. 

Figure 2 shows a result of Southern analysis of DNA for TAKl-DN 
30 expression vector, which is integrated into transgenic mouse 
founders . 

Figure 3 shows a result of Northern analysis of mRNAs from Fl 
generation of transgenic mouse in which TAKl-DN expression vector 
is integrated. 

35 Figure 4 shows an analytical result for the induction of 

production of TNF, IL-iP, and IL-6 in LPS-stimulated peritoneal 
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macrophages derived from TAKl-DN-expressing transgenic mouse. 

Figure 5 shows an analytical result for the induction of IL-6 
production in IL-la-stimulated peritoneal macrophages derived from 
TAKl-DN-expressing transgenic mouse. Observed values (open circle) 
5 in multiple sets of experiment and the means (closed square) ±S.D. 
are displayed. 

Figure 6 shows an analytical result for the degradation of iKBa 
by proteasome in LPS-stimulated and IL-ia-stimulated peritoneal 
macrophages derived from TAKl-DN-expressing transgenic mouse. 
10 Figure 7 shows a graph indicating a result of two-hybrid assay 

using CHO cells. The result shows means±S .D._- for the lucif erase 
activity in cell extracts prepared from 3 wells . 

: n 

iB Best Mode for Carrying Out the Invention 

15 The present invention is illustrated in detail below with 

Id. reference to Examples and a Reference Example, but is not to be 

't; construed as being limited thereto. 

^3 Example 1. Construction of TAKl-DN expression vector and creation 

VI \ 20 of transgenic mice 

P A TAKl-DN expression vector that acts as a dominant negative 

S']^ inhibitor was prepared to demonstrate that the signal transduction 

through LPS or inflammatory cytokines can be inhibited by inhibiting 
the specific binding between human TAKl and human TAB 1 . 
25 IjTAKl-DN has the amino acid sequence, corresponding to the 

TABl-binding region of TAKl, which covers a stretch from amino acid 
77 Glu to amino acid 303 Gin in the amino acid sequence of SEQ ID 
NO: zf^The TAKl-DN-encoding gene fragment was amplified by using 
ph-TAKl (refer to Unexamined Published Japanese Patent Application 
30 (JP-A) No. Hei 9-163990) as a template DNA by PCR. Specifically, a 
sense primer TAKIS {SEQ ID NO: 5) containing a recognition site for 
restriction enzyme EcoRI and the initiation codon ATG and an antisense 
primer TAKIAS (SEQ ID NO: 6) containing a recognition site for 
restriction enzyme EcoRI and the stop codon were used to amplify the 
35 TAKl-DN-encoding DNA fragment. 

The resulting PCR products were digested with restriction 
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enzyme EcoRI and then inserted at an EcoRI site of animal cell 
expression vector pLG-1 (see Figure 1) containing H-2L^ promoter to 
prepare TAKl-DN transgenic vector pLG-TAKDN, 

DNA was introduced by microinjection under an inverted 
5 microscope (LEICA) with Nomarski differential-interference device 
by using glass micropipettes connected with a micromanipulator. 
Specifically, 2 pi of solution of TAKl-DN-encoding DNA molecule (about 
500 molecules of in 1-pl PBS) was injected into a male pronucleus 
in a fertilized egg from C57BL/6J mouse. The gene fragment for the 
10 introduction was prepared by digesting pLG-TAKDN with restriction 
enzyme Xhol and then separating and purifying it by agarose gel 
electrophoresis. 

The manipulated egg with introduced DNA was transplanted in 
rQ an oviduct of pseudopreynant female mouse (recipient mouse) of ICR 

15 strain. The pseudopregnancy was induced by mating with a male mouse 
L:^ that had undergone vasoligation. Nineteen days after the 

+ transplantation, the neonatal mice were born by normal spontaneous 

delivery or by Caesarean section . The neonatal mice born by Caesarean 
P section were nursed by another female mouse of ICR strain that had 

20 been arranged previously as a foster mother. 
Q DNAs were prepared from tails of the neonatal mice at the age 

^'^j of 3 to 4 weeks, to test the presence of the introduced sequence by 

PCR. The DNAs for the analysis were prepared as follows. 
Specifically, each 2-cm tail section was lysed in a 1-ml lysis buffer 
25 (20 mM Tris-HCl, pH 7.0, 100 mM NaCl, 20 mM EDTA, 1% SDS , 1 mg/ml 
Proteinase K) at 55'*C overnight. After a series of phenol extraction, 
phenol-chloroform extraction, and chloroform extraction, the DNA was 
extracted by isopropanol-precipitation. The DNA obtained was 
dissolved in 100 Jil TE (10 mM Tris-HCl, pH 8.0, 1 mM EDTA) . 
30 PCR analysis was carried out by using the DNA (100 ng) as a 

template and PCR primers Rb-glol (SEQ ID NO: 7) and TA12A (SEQ ID 
NO: 8) . The analysis revealed that, of the 22 mice, 3 males and 2 
females had the new gene. 

Figure 2 shows a result of genomic Southern analysis. 
35 Specifically, EcoRI-digested genomic DNA (50 [ig) was electrophoresed 
on a 0.7% agarose gel, and transferred onto a nylon membrane Hybond 
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N+ (Amersham) . The membrane was hybridized to a probe of TAKl-DN DNA 
(50 ng) labeled with [a-^^P] dCTP according to a usual method. The 
result showed that bands of interest were detected in only TAKl-DN 
transgenic mice, and the presence of introduced gene was confirmed. 

A line (female) of the above-mentioned created mice was mated 
with a C57BL/6J male mouse for the first generation. The obtained 
mice were analyzed for the presence or absence of the introduced gene 
in the same manner as described above. The result showed that the 
introduced gene was inherited in 11 of the 25 Fi mice. 

Figure 3 shows a result of verification of actual mRNA 
expression of TAKl-DN in Fi mice. Specifically, total RNAs were 
prepared from the livers and kidneys of Fi mice, and 30-^g aliquots 
of them were electrophoresed on a denaturation agarose gel with 1% 
formalin. The RNAs were transferred onto a nylon membrane Hybond N+ 
(Amersham) and hybridized to a probe of TAKl-DN DNA (50 ng) labeled 
with [a-^^P] dCTP according to a usual method. The result showed that 
bands of interest were detected in only Fi mice, and the expression 
of introduced gene was confirmed. 

The transgenic mouse lines were subcultured and maintained by 
using external fertilization. Specifically, 48 hours after the 
injection of 5 lU pregnant mare serum gonadotropin (PMSG, TEIKOKU 
HORMONE Mfg, Co.), a dose of the same units of human chorionic 
gonadotropin (hCG, Sankyo) was injected in a C57BL6/J female mouse, 
followed by mating with a Fi male mouse. Then, 16 to 17 hours after 
the injection of hCG, sperms were collected from the caudal portion 
of a male mouse. The sperms were incubated in a TYH medium (the 1-ml 
medium contains NaCl 6.97 mg, KCl 0.36 mg, CaCl2 • 2H2O 0.25 mg, KH2PO4 
0.16 mg, MgS04 • 7H2O 0.29 mg, NaHCOs 2.11 mg, sodium pyruvate 0.11 mg, 
streptomycin 50 \iq, penicillin 75 |J.g, and glucose 1.0 mg, pH 7.0) 
containing 4 mg/ml BSA at 37**C for 1.5 hours. Immediately before the 
end of the incubation, eggs were collected from a C57BL6/J female 
mouse and placed in a TYH medium containing 4 mg/ml BSA under, oil. 
Then the sperms were added to the medium containing the eggs , and 
the mixture was incubated at 37**C for 4 to 6 hours. The resulting 
fertilized eggs were transferred in a Whitten's medium (the 1-ml 
medium contains NaCl 5.14 mg, KCl 0.36 mg, KH2PO4 0.16 mg, MgS04 * 
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7H20 0.29 mg, NaHCOa 1-90 mg, calcium lactate pentahydrate 0.53 mg, 
streptomycin 50 Jig, penicillin 80 Hg, glucose 1.0 mg, and 3.7 mg of 
60% sodium lactate) containing 100 mM EDTA and 4 mg/ml BSA, and 
transplanted in the oviduct of a female mouse after removing the 
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sperms 
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R.am ple 2. CvtoTcine produc t ion capacity of peritoneal macrophages 

expressing TAKl-DN 

Peritoneal macrophages were prepared from TAKl-DN-expressing 
transgenic mice, and the responses of the cells to IL-1 and 
lipopolysaccharide (LPS; Sigma) were examined. 

Specifically, 10 ml of ice-cold PBS solution containing 0.36% 
sodium citrate was injected into the peritoneal cavity of a 
TAKl-DN-expressing transgenic mouse (TAKl-DN Tgm) or a C57BL/6 mouse 
(wild-type mouse) of the same weeks of age. The mouse was given a 
massage for 30 seconds, and then the solution was recovered from the 
mouse. The solution recovered was centrifuged, and the precipitated 
cells were resuspended in RPMI1640 (GIBCO-BRL) containing 10% FBS 
(GIBCO-BRL) . The cells were plated in wells at a cell density of 5 
X lOVwell. The cells were cultured at 37 for 2 hours, and floating 
cells were removed by washing with media. Cells adsorbed on the 
culture plate were used as peritoneal macrophages. 

LPS at a final concentration of 10 Jig/ml, or IL-ia (Genzyme) , 
at a final concentration of 10 ng/ml, was added to the above-prepared 
peritoneal macrophages, and the cells were further cultured for 24 
hours. The culture supernatant was recovered. Then, the amounts of 
IL-1 P in the culture supernatant of LPS-stimulated macrophages and 
IL-6 in the culture supernatant of IL-ia-stimulated macrophages were 
assayed by ELISA kits (Genzyme) . 

" The results are shown in Figures 4 and 5 . LPS-stimulated 
induction of production of TNF, IL-ia, and IL-6 is evaluated in Figure 
4 The induction of production of these inf larmnatory cytokines was 
significantly inhibited in TAKl-DN Tgm-derived macrophages as 
compared with wild-type mouse-derived macrophages. Likewise, the 
induction of IL-6 production was significantly inhibited in TAKl-DN 
Tgm-derived macrophages as compared with wild-type mouse-derived 
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macrophages, as seen in Figure 5 showing the result of experiment 
for the induction of IL-6 production by IL-1 stimulation. The 
described results indicate that inhibition of the binding between 
TAKl and TABl suppresses the inf lairanatory stimulation (LPS) -induced 
5 production of inflammatory cytokines as well as suppresses the 
cytokine production based on the inflammatory cytokine network. 

Example 3. IKBtt degradation in TAKl-DN expressing peritoneal 
macrophages stimulated by LPS and IL-ia 

10 The macrophages derived from wild-type mice and from TAKl-DN 

Tgm, which were prepared as described above, weje stimulated by LPS 
or IL-1, and the time course of degradation of IKBa by proteasome 
was monitored (0, 30, and 60 minutes) . Specifically, the peritoneal 
macrophages were cultured in wells of a 96-well plate at a cell density 

15 of IxloVwell. LPS (1 fig/ml) or IL-la (10 ng/ml) was added to the 
culture in the presence or absence of proteasome inhibitor MG132 (40 
^M) . The cells were harvested after 30 or 60 minutes. 

The cells were washed with PBS (-) , and then a lysis buffer was 
added thereto for the preparation of cell lysate. An aliquot of each 

20 lysate corresponding to about 2x10^ cells was subjected to gel 
electrophoresis by 9% SDS-PAGE. The fractionated proteins were 
blotted onto a nitrocellulose membrane and then incubated with 
anti-IKBa antibody (SantaCruz) as a primary antibody for 1.5 hours. 
After wash, horseradish peroxidase-conjugated goat anti-rabbit 

25 antibody was used as a secondary antibody. After the reaction of the 
secondary antibody, the reaction product was detected by using ECL 
(Amersham) . As seen in Figure 6, rapid degradation of IKBa was 
observed in a control experiment with wild-type mouse-derived 
macrophages stimulated by LPS and IL-1, suggesting the induction of 

30 NFKB activation. On the other hand, no remarkable degradation of IKBCX 
was observed in TAKl-DN Tgm-derived macrophages even when the cells 
were stimulated by LPS and IL-1, suggesting the suppression of NFKB 
activation. Thus the present Example revealed at the molecular 
biological level that the inhibition of signal transduction through 

35 TAKl can significantly inhibit the activation of NFKB. 



Reference Example 1 

The animal cell two-hybrid system (Dang et al., (1991) Mol. 
Cell. Biol. 11, 954-962) using TABl peptide and TAKl peptide was used 
to analyze whether or not a peptide (TAKl-DN) from Glu at amino acid 
5 77 to Gin at amino acid 303 in the TAKl peptide of SEQ ID NO: 2 is 
capable of inhibiting the binding between TAKl peptide and TABl 
peptide and further capable of inhibiting TAKl peptide activation 
in animal cells. 

First, each of genes encoding full-length TAKl and TAKl-DN was 

10 ligated with the gene encoding GAL4 DNA-binding domain (GAL4-BD) to 
prepare an expression vector. The gene encodingjfull-length TAKl was 
obtained from yeast two-hybrid expression plasmid pBTMHullF (Shibuya 
H. et al., (1996) 272, 1179-1182) by digesting it with restriction 
enzymes EcoRI and Pstl. Subsequently, the gene was ligated between 

15 EcoRI and Pstl sites of an expression vector pM (CLONTECH) containing 
the GAL4-BD gene to obtain an animal cell two-hybrid expression 
plasmid pM-TAKl . 

In the next step, the gene encoding TAKl-DN was amplified by 
PGR using a sense primer DNTAK5' (SEQ ID NO: 9) with a recognition 

20 site for restriction enzyme EcoRI and an antisense primer DNTAK3' 
(SEQ ID NO: 10) with a site for restriction enzyme Pstl by using plasmid 
pBTMHullF as a template DNA. The amplified DNA was digested with 
restriction enzymes EcoRI and Pstl, and then ligated into pM vector, 
thereby constructing animal cell two-hybrid expression plasmid 

25 pM-TAKlDN. 

Subsequently, the gene encoding TAB1C68 consisting of 
C-terminai 68 amino acid residues of TABl peptide was ligated with 
the gene encoding transcription activation domain (VP16-AD) from VP16 
protein of herpes simplex virus to prepare an expression vector. The 

30 gene encoding TAB1C68 was prepared by digesting yeast two-hybrid 
expression plasmid pGAD-TABl (Shibuya H. et al . , (1996) 272, 
1179-1182) by restriction enzyme EcoRI, and then the gene was ligated 
at an EcoRI site of expression vector pVP16 (CLONTECH) containing 
the gene encoding VP16-AD, and thereby obtaining animal cell 

35 two-hybrid expression plasmid pVP16-C68. 

The reporter plasmid used was pG5-Luc, which was constructed 
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from pGSCAT (CLONTECH) containing 5 consecutive GAL4-binding sites 
and the chloramphenicol acetyltransf erase (CAT) gene downstream 
thereof. pG5-Luc contains the lucif erase gene substituted instead 
of the CAT-encoding gene in the pGSCAT. 
5 After cultured overnight, CHO cells (5x10^ cells/each well) 

were washed with PBS. A mixture of 500 ng of GAL4-BD fusion protein 
expression plasmid (any one of pM, pM-TAKl, and pM-TAKlDN) , 500 ng 
of VP16-AD fusion protein expression plasmid (pVP16 or pVP16-C68) , 
100 ng of reporter plasmid pG5-Luc, 50 ng of pRL-SV40 (containing 
10 the Renilla lucif erase gene downstream of SV40 promoter; Promega) , 
and 10 Jll LIPOFECTAMINE (GIBCO-BRL) was added to the cell culture, 
and the culture was continued for 5 hours to achieve the introduction 
''J of the genes. 

iQ The culture further continued for 72 hours, and then lucif erase 

% 15 activities in each cell extract were assayed by using 
M Dual-Lucif erase™ Reporter Assay System (Promega) . Specifically, 

T the cells were washed with PBS , 250 |il of Passive Lysis Buffer attached 

to the kit was added thereto, and the mixture was incubated at room 
■5 temperature for 15 minutes. A 20-Jil aliquot of each cell extract was 

j=ri 20 used for the assay. The efficiency of gene introduction was 
□ normalized by using measured values for the activity of Renilla 

lucif erase derived from the introduced pRL-SV40 . The result is shown 

in Figure 7 . 

The elevation of luciferase activity was found in the 
25 combination of pM-TAKlDN and pVP16-C68 as well as the combination 
of pM-TAKl and pVP16^C68. This shows that, like full-length TAKl , 
TAKl-DN is also capable of binding to TABl . 

Industrial Applicability 

30 The present invention has revealed that TAKl participates in 

the signal transduction through inflammatory cytokines such as IL-1, 
TNF, or IL-6, and that compounds inhibiting the TAKl-associated sigrial 
transduction inhibit the production of inflammatory cytokines such 
as IL-1, TNF, and IL-6. Accordingly, the inventive screening method 

35 is useful to screen compounds inhibiting the production of 
inflammatory cytokines. Further, the inventive compounds inhibiting 
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the TAKl-associated signal transduction are useful as inhibitors of 
the signal transduction through inflammatory cytokines, inhibitors 
of the production of inflammatory cytokines, inhibitors of the 
physiological activities of inflammatory cytokines, and inhibitors 
of the signal transduction through inflammatory stimulation. 
Further, compounds inhibiting the signal transduction through TAKl 
are useful as anti-inflammatory agents. 



